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INTRODUCTIOM 


Tha  Northwestern  Dnlrersitgr  Msterisls  Research  Center  was  established 
July  1,  I960  after  the  awarding  to  the  University  of  a  aajor  contract  by 
the  Advanced  Research  Projects  Agency  of  the  Department  of  Defense  for  the 
purpose  of  conduoting  a  coordinated  interdlselplinaiy-int^rdopartaental 
program  of  basic  research  and  graduate  education  in  aaterials.  The  Mate¬ 
rials  Research  Center  provides  financial  support  for  ressarch  oondhicted  by 
faculty  merbera,  their  post-doctorates,  and  their  graduate  students  on  the 
basis  of  proposals  submitted  to  an  administering  cofladttee.  This  first 
annual  report  is  a  compendium  of  the  reports  of  the  individual  researches 
supported  with  fiuvla  derived  from  the  il^A  Contract*  In  certain  instances 
tna  research  was  supported  in  conjunction  with  other  agencies.  In  these 
instances  the  other  agencies  are  indicated  in  the  individual  research 
reports. 

The  Materials  ReaesKh  Center  Conadttae  gratefully  acknowledges  the 
assistance  of  Dr.  Julia  R.  Weertaan  in  editing  this  coiqpendium  and  the 
assistance  of  our  secretarial  staff,  Mrs.  Clarice  Nelson,  Mrs.  Miriam 
Burton,  and  Mlsa  Joan  Dean,  In  its  preparation. 
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SIMttRX 

The  development  of  diffraction  theox7  in  the  last  decade  has  clearly 
shown  that  a  great  deal  of  infcroatlon  concerning  defects  In  cryotalline 
solids  can  be  obtained  tlirough  careful  exudnatlou  of  the  entire  diffi-ao- 
tion  pattern  (i«e.t  the  shape  of  diffraction  peaks  rather  than  Just  their 
breadths)  and  diffuse  scattering.  Durln'*  the  past  year,  a  number  of 
research  programs  have  been  initiated  here  which  soke  use  of  these  tech¬ 
niques.  The  programs  also  include  the  extension  of  the  theoretical 
trMtnants. 

The  method  of  analysis  involves  Fourier  mathenatios}  a  program  suit¬ 
able  for  either  the  IBH  650  or  709  computer,  to  handle  the  mathematics 
Involved,  was  developed  and  tested. 

Principal  recults  of  the  research  so  for  are  outlined  below: 

A.  Effects  of  Thermal-Mechanical  T^tiaents  on  Faulting.  (This  research 
was  partially  aupported  hy  ONR. } 

Studies  of  faulting  in  Cu-IA  at.$  Al,  CusAu,  Ag-62  at*$  Au,  end 
Af-6  at.J(  Al  elioye  showed  thatt 

1.  A  dlffaranoe  la  atosdo  aisa  betwean  aolut#  and  aolvent  (aaeb  having 
tha  aaaa  valanoa)  Lnoreaeaa  the  fault  probability  even  If  there  ie  no 
hexagonal  phaae  in  the  phase  diagram.  Previous  etudleo  bad  shown  that 
valence  was  an  isfwrtant  factor  and  t.hla  waa  confirmed  with  the  Ag>6  a.t.% 
Al  alloy. 

2.  As  order  laereasea,  the  fbult  probability  Ineraaees,  l.a.,  the 
fault  energy  deeraaoaa.  Tbit  aupports  a  suggestion  by  Seeger  that 
tha  fkult  energy  is  easooiated  with  tha  interaction  of  tha  Farrnl 
surfaoa  with  the  lona  bcundaiy  of  tha  fault;  further  support  for  this 
idee  is  found  by  comparing  recant  infonsstion  on  fault  probability, 
fault  energy,  and  sons  overlap. 

3.  Tha  annaallag  out  of  ftulta  in  tha  Ou-14  at.)(  Al  occurs  in  two 
stages.  In  ths  first  stage,  the  eonoentrstion  of  stacking  faults 
decraaaea  to  a  constant  level  for  each  temperature.  The  second  stage 
is  aascoleted  with  rscrystalllsetlon  and  hare  about  three-quarters  of 
the  stacking  faults  axmsal  cut.  Twin  faults  are  more  stabLa. 

A.  Twin  faults  are  produced  during  deformation  at  roosi  temperature 
in  Cu-14  at.il  Al  and  CusAc. 


B*  5hQek»Iioading( 


In  shook  losJ'td  crystals  of  copper: 

1.  Twinning  la  orientation  dependant,  but  ths  dependence  of  twinning 
stress  on  orientation  Ij  gronter  than  that  expected  from  a  sloplo 
critical  resolved  twinning  stress  law. 

2.  The  presence  of  twins  appears  to  deflect  reflected  rarefaction 

waves. 

3.  HLcro- twins  were  detected. 

4.  In  the  range  100-250  kb.  the  dislocation  density  increases  froa 
approxiaately  5x10®  to  5x10^®  per  ca®. 

C.  Faulting  In  Electrodet>oslts. 

A  high  concentration  of  twin  faults  but  no  "tacking  faults  were  found 
In  silver  electrodeposlted  froa  an  argento-cyeclde  solution.  The  concen¬ 
tration  of  those  faults  increases  aarkedly  with  decreasing  teDperature, 
increasing  current  density,  and  on  addition  of  CSa.  As  ths  tenperature  of 
plating  Is  decreased,  the  residual  ros  adcro-strains  in  different  crystal- 
lographlo  directions  becosM  more  dlsslailar. 


TECKNIQUES 

The  developnent  (principally  by  Warren  and  his  co-workers)  of  the  Fourier 
analysis  of  diffraotlon  patterns  froa  naterlals  containing  defects  has 
recently  been  reviewed.^  The  ctacking  fault  probability  (a)  is  deteminod 
fron  tho  anooslcus  shift  of  diffraction  peaks;  for  exinple,  the  111  and  200 
dc'creaoo  in  separation.  The  twin  fatdt  probability  (p)  lo  found  from  peak 
aoyiTnetiy,  i.e. ,  the  200  peak  tails  toward  low  anglao.  Thus  P  is  found 
fron  the  Fourier  olne  coefficients  of  the  series  rsprossnting  ths  peak.  The 
cosine  ooeffiolonts  froa  two  or  acre  orders  of  diffraction  peaks  froa  a 
apeclaen  perait  the  determination  of  the  aosale  else  (L)  and  residual  raa 

aloro-otraln averaged  over  various  dietancse  (L) ,  in  a  direction 
noraal  to  the  dlffraoting  planes. 

The  reeorded  diffraction  peak  froa  a  epeelaen  containing  defects  is  a 
convolution  of  the  effects  of  tba  defects  end  InstrusBntal  faetore.  With 
tha  coefficients  of  the  eeriee  representing  a  peak  froa  a  well  annoalcd 
speoimn  and  those  froa  the  oorroepondlng  peak  froa  a  faulted  specimen,  the 
Instnunental  effects  nay  be  removed.*  This  calculatlr^  carried  out  ty  hmd 
takes  about  six  hours,  oven  with  Llpeon-Peevere  etripe.  L.  Schwarts  of  this 
group  has  developed  a  Fortran  program  for  determining  the  corrected  coeffi¬ 
cients  with  tho  aid  of  the  IBM  65C  or  709.  The  total  calculation  time, 
including  tha  time  retired  to  take  readings  from  tho  diffraction  peaks, 
it  reduced  to  about  2#  hours.  R.  DeAngelis  is  now  attempting  to  aodlty 


tbo  pTJfrran  to  include  calculation  of  ccafficlenta  {slne/oocine)  and  to 
atoic  Uie  coefficients  frca  the  annealed  peak  for  later  use.  The  completed 
procran  will  be  euboittcd  to  the  I3Ji-teerlcan  Crystallojraphlo  Association 
card  file. 

A.  Fffeete  of  Therral  feopnaleal  Tr^^etr:  mts  ^  Faultlrg.  Supportad 

partially  by  ONR. 

D.  Mlkkola 

M.S.  iliesls  !ieeearch 

Prcvloue  studies  In  f.c.c.  aetala  of  faulting  produced  by  plastic 
doforaatlon  at  and  below  room  teiqperature  have  shown  that  In  heavily  cold 
vrorked  netals  and  alloys  (filed  at  liquid  nitrogen  tenperat  ires)  there  can 
be  a  very  heavy  concentration  of  both  twin  and  stacking  faults.®  Tlio  faults 
in  pure  metals  such  as  copper  and  silver  anneal  out  rapidly  at  room  teripcr- 
ature.*  The  data  on  copper  alloys*  show  that  at  the  magnitude  of  the 
valence  difference  between  solvent  and  colute  Increases,  the  lault  preba- 
blllty  for  a  given  concentration  increases.  However,  In  general,  both  a 
size  arh  a  valence  difference  are  present.  ExnmirMitjon  of  this  detail* 
Indicates  that  the  fault  probability  is  not  the  seme  in  all  copper  .'.yotems 
Laving  the  same  electron  to  atom  ratio;  size  aust  be  important.  Seocer^* 
has  suggested  that  the  fault  energy  is  controlled  by  the  interaction  of  the 
Farm!  surfaca  with  the  approprlata  hexagonal  Brillouin  zone  surface. 

The  purposes  of  the  present  Investigation  are  to  Independently  establish 
the  Importance  of  valence  difference,  size  difference,  and  ordering  on  the 
stacking  fault  probability  and  to  study  the  results  of  annealing  In  an  alloy. 

Acknowledgemants  are  due  to  Dr.  T.  J.  Kopponaal  for  furnishing  Cu-14  at.^ 
A1  single  crystals,  to  Dr.  A.  A.  Hendrickson  for  Ag-6  ct.fi  A1  eir^lo  crys¬ 
tals,  to  Drc.  B.  Roesslcr  and  !•(.  B.  Devor  for  the  CuaAu,  and  to  Dr.  Sever 
for  the  Ag-62  tLt.%  Au  alloy. 

Low  temperature  deformation  was  carried  out  by  holding  the  specimen  and 
file  above  the  vapor  from  liquid  nitrogen  (-70  ±15®C)  and  allowing  the 
filings  to  fall  into  the  liquid  or  with  the  specimen  and  file  immersed  in 
liquid  nlti'ogen.  After  such  deformation  the  flll'igs  were  packed  into  a 
recess  In  o  hollow  brass  block  under  liquid  nltrogon  and  mounted  in  the 
x^ray  diffractometer  adapted  for  use  at  low  temperatures.  For  annealing 
studies,  samples  were  sealed  in  pyrex  srd  annealed  In  an  oil  bath  regulated 
to  tioc. 

Table  I  gives  the  determined  values  for  a  and  p  for  the  varloua  metals 
and  alloys  and  deformtlon  temperatures  studied.  From  a  study  of  this  table 
It  con  be  Been  that  twin  faults  arc  produced  by  room  temperature  doforrMtion 
In  the  copper  alloya  studied.  The  data  for  Au,  .Mg  and  the  vniue  for  a  for 
Cu-IA.3  at.^  A1  at  room  temperature  check  wsll  with  those  published  pre¬ 
viously.^*  The  value  of  a  for  copper  la  soaewhet  eraoller  than  published 
data  and  was  established  by  repeated  measurementn.  Al  io,  a  and  p  increase 
with  decreasing  te&peruture  of  Ueformatlor  and  p/a  is  approximately  2.  As 
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•ash  twfn  fault  has  tuo  beufidarias,  this  iiiq>lies  that  than  are  about  the 
same  number  of  twins  and  stacking  faults  at  all  temperatures;  since  the 
effective  particle  sizes  measured  were  foiuid  to  be  essentially  the  same  as 
those  computed  from  a  and  they  are  essentially  conpletely  determined  1:^ 
the  faults. 


In  the  case  of  CusAu,  ^  does  not  seem  to  vary  nich  with  teiq;>arature,  so 
that  above  -196*^0  p/a  is  greater  than  2.  This  sltuatiun  probably  arises 
from  the  greater  stability  in  CusAu  of  t\fln  faults  as  compared  to  stacking 
faults. 

In  the  Ag-Au  alloys  (where  the  order  is  low  compared  even  to  the  quonched 
CuAl  or  CusAu)  the  fault  probability  la  a  linear  ftinction  of  atomic  concen- 
tratlon,  whereas  in  the  Cu-Au  system  there  Is  a  definite  Increase  In  a  and 
p  as  compared,  to  either  copper  or  gold  for  both  ordered  or  quenched  CuaAu. 

In  both  CusAu  and  Cu-14  at.i(-  A1  the  staekinsr  fault  probability  Increases 
with  ordering. 

At  first  thought,  one  might  esqiect  that  a  highly  ordered  alloy  should 
have  a  lower  fault  concentration  than  a  less  ordered  state;  a  stacking  fault 
destroys  nearest  neighbor  bonds  In  a  highly  ordered  aaterial.  However, 
besides  strain  energy  there  is  also  an  Important  electronic  factor.  In 
ordered  CusAu  a  zone  inside  the  f.c.c.  Brlllouin  zona  and  near  the  Fermi 
.vjpface  la  created  on  ordering;  the  Hall  effect  changes  from  negative  to 
positive.®  Thus  the  density  of  states  near  the  first  f.c.c.  sene  la  de¬ 
creased.  As  a  result,  when  there  is  a  high  concentration  of  faults,  there 
is  less  interaction  between  the  Fermi  surface  and  the  hexagonal  Brlllouin 
zerno.  Only  veiy  little  allp  on  a  given  plane  is  neceaaary  to  diaorder  the 
plane,  but  between  slip  planea  the  material  ahould  atUl  be  highly  ordered. 
That  this  la  Indeed  the  fact  is  indicated  by  published  msosurenents  of 
strength  properties  and  stored  energy  in  ordered  and  quenched  CusAu;  after 
large  deformation  at  room  temperature^,  or  In  liquid  ^trogen®  these  quan¬ 
tities  still  'Iffer  appreciably  for  the  two  states.  After  abrading  a 
Cu-Au  alloy  with  only  short-range  order,  the  short-range  order  Is  still 
significant*.  Furthermore,  recent  resistivity  measuremonts  have  shown  that 
the  resistivity  of  ordered  CusAu  becomes  greater  than  that  of  the  quenched 
alloy  after  severe  deformation®;  the  excess  of  0.1  microhs-cm  ia  in  fact 
accounted  for  approximately  by  the  greater  nunber  of  stacking  faults  in  the 
ordered  specimen.  With  Cu-Al  or  other  teradnal  solid  solutions,  decreased 
Fermi  energy  cornea  from  the  effect  of  the  excena  charge  on  the  ion  core  of 
the  solute,  rather  than  from  the  presence  of  an  extra  zone.  Ordering  would 
increase  the  effect.  Any  effect  of  ordering  on  the  dislocation  density 
after  deformation  would  also  have  to  be  taken  Into  consideration. 

Table  II,  <rtjloh  la  a  collection  of  the  available  data  on  fault  energy, 

Y,  fault  probability,  a,  and  Brlllouin  zone  contact,  ahowa  correlation 
among  those  quantities. 
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The  effect  of  annealing  on  a  In  cold  worked  Cu-14  at.?5  A1  is  shown 
In  Fig.  1.  The  process  seems  to  he  divided  into  two  stagesi  as  indicated 
ty  the  data  for  220°C.  Here,  only  about  onc-fourth  of  the  faults  anneal 
cut  in  tne  first  stage,  the  remainder  in  the  second  stage,  which  appears  to 
bo  associated  with  rociystallizati on.  Twin  faults  (p  =  0.050)  do  not  anneal 
cat  even  after  4  hr.  at  250°C. 

Concerning  the  kinetics  of  the  second  stage,  the  analysis  of  Kuhlmann, 
Maolng,  and  Raffelsleper^®  appears  to  fit  the  data.  That  is 

da  _  Q(a) 

dt 

where  Q(a)  =  Qq-cq,  a  and  c  are  constants,  t  =  time,  T  =  absolute  tempera¬ 
ture  and  a  =  universal  gas  constant.  Then,  if  a  =  Oq  when  t  =  to 

a(t,T)  =  ^  ^n  H  ^  ^  ^n(t+to) 


For  t  to,  a  should  be  a  linear  function  of  -Kn  t;  this  relationship  was 
observed  at  the  two  temperatures  where  the  second  stage  occurred,  220®C  and 
250°C.  (The  values  of  c  were  52  and  I6O  Kcal/g-a  for  220  and  250°C,  re¬ 
spectively.)  The  plots  extrapolated  to  about  the  same  point  for  small 

values  of  tn  t.  By  assuming  that  the  variation  in  ■Cn  —  between  220  and 

250®C  is  negligible,  Qq  was  evaluated  to  be  64  ±5  Kcal.,  in  good  agreement 
with  data  on  diffusion  in  this  system^*. 

This  work  will  be  continued  in  two  main  directions.  Several  systems 
appear  promising  to  provide  additional  confirmation  of  Seeger's  theory. 
Recent  data  on  lattice  parameters^’  indicate  that  the  addition  of  Sn  to 
Au  increases  the  overlap  of  the  Fermi  surface.  Thus,  the  fault  probability 
should  decrease.  Electronic  specific  heat  measurements  ly  Professor  Whit¬ 
more's  group  here  at  Korthwestern  indicate  that  as  a  result  of  the  addition 
of  Cd  to  A  ^  the  Fermi  surface  pulls  away  from  the  zone  boundary.  Ordering 
FioMn  causes  the  material  to  become  ferromagnetic  and  the  Hall  coefficient 
to  change  from  negative  to  positive,  facts  which  indicate  3  ess  interaction 
of  the  surface  with  the  zone.  Therefore  there  should  be  a  lover  fau?,t 
energy  in  ordered  Nisl-In  than  in  the  disordered  alloy.  Examinations  of  these 
systems  will  begin  this  susmier.  It  is  also  quite  in  line  with  this  theory 
that  the  stacking  fault  energy  varies  with  temperature.  Transmission 
electron  microscopy  will  be  employed  to  investigate  this  point. 

Studies  of  changes  in  properties  with  recovery  and  recrystallization 
will  be  started  and  correlated  with  changes  in  faults,  strains,  etc. ,  as 
measured  by  these  x-ray  techniques.  Such  studies  shoi^d  prove  fruitful 
in  explaining  why  different  properties  change  over  diffei-cnt  temperature 
ranges  during  recovery  and  recrystalllzation  and  could  also  provide  data 
on  the  specific  effect  per  defect. 


B.  S'nock-loadlno 


R.  UeAr^ella,  M.S.  Thesis  Research 

C.  S.  Smith^®  has  reported  that  in  preoriented  copper  single  crystals 
subjected  to  plane  shock  loads,  no  t\rf.n-like  structuroa  appeared  at  230  kb, 
but  all  orientations  e»;ept  [lOO]  parallel  to  the  shook  wave  showed  these 
markings  at  300  kb.  We  ha^e  continued  this  work  with  the  aid  of  the  DuPont 
Explosives  Department  and  found  that  at  230  kb  all  directiona  but  [lOO] 
showed  the  markings.  At  435  the  [lOO]  did  "twin".  Thus,  the  twinning 
f  IQOl 

stress  ratio  =  2,  instead  of  1.3  as  predicted  by  the  effect  of 

orientation  on  the  critical  resolved  twinning  stress. 

In  collaboration  with  Professor  J.  Veertasa  of  the  Materials  Science 
Department,  dislocation  models  for  twinning  have  been  considered.  For 
deformation  in  tension,  twinning  may  result  from  a  stack  of  faults.  For 
example,  all  the  dislocations  in  a  pile-up  might  dissociate  into  Frank 
sessilos  and  partlads.  The  additional  orien>atlon  dependence  over  tliat 
be.sed  solely  on  geometry  would  then  arise  from  the  resistance  offered  to 
the  pai'tial  by  other  pile-ups.  A  calculation  based  on  this  idea  leads  to 
the  stress,-  -c,  for  tvdnnlng  in  the  form: 


where:  r  =  fault  energy,  p  =  shear  modulus,  n  s  nuidwr  of  dislocations  per 
pile-up,  b  3  Burgers  vector,  and  N  »  total  mtfMr  of  dislocations  per  cm". 
Recently  Vewbles^®  has  proposed  a  twinning  model,  based  on  jogging  a 
single  dislocation  on  sueceasive  planes.  Ve  are  now  considering  how  to 
test  the  two  models. 

Fourier  analyses  were  made  of  diffi-action  peaks  from  soma  of  the  crystals. 
It  was  found  that  there  is  a  particle  size  contribution  to  line  broadening 
at  these  . ressures,  and  the  particle  size  in  a  [llO]  direction  increases 
with  the  number  of  slip  systems  operative  during  shock,  a  fact  which  suggoats 
that  more  pile-ups  occur  In  a  crystal  oriented  with  [lOO]  parallel  to  the 
shock  than  for  other  orientations.  The  residual  microstrain  was  greater  in 
the  [100]  crystal  which  did  not  twin.  Also,  this  orientation  undergoes  a 
greater  permanent  enmpresslon  than  the  otbera  when  twinning  does  not  occtu* 
and  when  there  is  no  back-up  plate  to  remove  reflectlona.  This  b,liavior 
Indicates  that  the  stress  waves  are  deflected  and  spread  out  :dien  twins  are 
present. 

Dislocation  densities  calculated  from  the  measured  strains  were  found  to 
be  about  SxlOVcn*  In  cryatals  subjected  to  shocks  of  100  kb  in  the  [ill] 
direction  and  5xl0^®/cm®  at  435  kb.  Evidence  of  faulting  was  obtained,  and 
the  particle  size  effect  is  therefore  profaaUy  due  to  faulting,  supporting 
the  idea  that  the  markings  are  tvlrs. 

The  research  on  shock  loading  will  be  continued  under  an  OMi  contract 
which  has  just  been  arranced  with  the  University. 
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C.  Faulting  In  Electrodepoatta 


L.  Schwartz,  Ph.D.  Thesis  Research 

For  some  tine  it  has  been  knovm  that  the  properties  of  electrodoposited 
metals  differ  from  those  of  ennealod  metals.  No  complete  x-ray  study  hao 
been  made,  although  the  fact  is  well  known  that  diffraction  lines  from 
electrodeposits  are  broad,  as  in  a  cold-worked  metal. 


An  analysis  for  Ag  deposited  from  an  argentocyanide  bath  has  been  carried 
out.  Tlie  asymaetry  of  strains  in  the  different  crystallographic  directions 
increases  with  decreasing  temperature  of  plating,  vthile  the  subgrain  size 
decreases.  Twin  faults  were  found  in  all  plates,  their  number  increasing 
from  one  every  100  planes  at  23“C  to  one  every  30  planes  at  3°C,  No  stack¬ 
ing  faults  were  found  oven  in  plate  examined  at  the  low  plating  temperature. 
Similar  increases  in  strain  and  faulting  were  observed  after  adding  CSg  to 
the  solution  or  increasing  the  current  density.  Silver  plated  at  60°C 
exhibited  no  line  broadening  although  the  line  breadth  of  plate  annealed  at 
60°C  after  plating  at  a  lower  teii?:erature  was  essentially  unchanged  by 
annoallrg. 

As  there  e.re  strains  In  the  plate,  dislocations  must  be  introduced  ty 
inclusions  or  growth  conditions.  The  presence  of  a  trapped  molecule  with 
a  different  size  would  not  cause  the  strains  detected  by  x-rays. 

Further  research  will  involve  simpler  plating  solutions,  metals  \ri.th 
different  fault  energies  and  organic  additives  with  knowi;  attractions  for 
metal  ions.  Transmiecion  electron  microscopy  and  x-ray  studies  will  be 
made. 

The  x-ray  theory  will  be  extended  to  include  the  combined  effects  of 
strain  and  faulting.  These  problems  have,  up  to  now,  been  treated  separately. 
There  can  be  an  effect  of  directional  strains  cn  peak  asymmetry.^ 


,ouj1  Research  Contemplated 

It  is  hoped  to  begin  work  In  the  fall  on  the  liquid-solid  transition 
and  on  cidcr-dlsorder  reactions. 


1.  Effects  of  Explosive  Loading  on  Copper  Single  Crystals,  R.  J.  DeAngolls, 
LbS. ,  January  1961. 

2.  Effects  of  Thermo-mechanical  Treatment  on  Faulting  lu  T-^o  Copper  Base 
Alloys,  D,  E.  Kikkola,  M.S.,  Kay  1961. 
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Effects  of  Therml-isechanical  Treatinent  on  Faults  in  F.C.C.  Alloys, 
by  C.  MiVkola  ard  J.  B.  Cohen,  submitted  for  publioatlon  to 
Trans.  AIT®. 


TALKS 


1.  Structure  of  Shock  Loaded  Single  Crystals  of  Copper,  R.  J.  DeAngells 
ard  J.  B.  Cohen,  given  at: 

a)  E.  I.  DuPont  Co.  Experiiaental  Station,  Wilmington,  Delavare, 
January  30,  1961. 

b)  AIP!E  Winter  Meeting,  St.  Louis,  March  1,  1961. 


2.  X-ray  Studies  of  Electro-deposited  Silver,  L.  H.  Schwartz  and  J.  B. 
Cohen,  given  at: 

a)  RIAS,  Inc.,  Daltisure,  Mi.,  February  1,  1961. 

b)  AIItB  Winter  ^^eetlng,  St.  Louis,  Parch  2,  1961. 

3.  Effects  of  Theroal-ascbanioal  Treatment  on  Faultii^g  in  F.C.C.  Alloys, 
Purdue  University's  School  of  Hotallurgical  Engineering,  April  11, 
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Table  I.  StaeklBg  fault  Probability  f Twin  Fault  Probability  £, 
In  Some  Faee-Cnntere'i-Cnbi  c  Metals  and  Allova. 


Material 


Deformation 

Ttmoeraturo 


Keasjrln,^ 

Temoerature 


P 


p/a 


Copper 

-196 

-165 

0.010 

0.038 

3.8 

r  -196 

-165 

0.067 

0.097 

].4 

Cu-14*3  at.^  A1  ^ 
(ordered)  j 

-  70 

-165 

0.046 

0.1U 

2.5 

•  i 

.  20 

20 

0.035 

0.050 

1.4 

■  -196 

-165 

0.'>24 

— 

— 

CuaAu  ! 

-196 

20 

(33  days) 

0.015 

0.059 

3.9 

(2.5)* 

( ordered)  ] 

j  -  70 

20 

(20  days) 

0.0C8 

0.049 

6.1 

(2.6)* 

L  20 

20 

0.007 

0.048 

6.9 

Ml 

-196 

-165 

0.011 

— 

— 

Aa-38  tit,%  Ag 

-196 

-165 

0.013 

— 

Ag 

-196 

-165 

0.022 

— 

— 

A2-6  at.%  A1  J 

'  -196 

-165 

0.036 

±0.005 

— 

— 

-  20 

20 

0.012 

— 

— 

a  3  stacking  fault  probabllitjr 

ft  =  twin  fault  probabllllgr 

*a  from  -165°C  uood  in  computing  ratio. 


Table  IT.  Correlation  of  fee cured  Stacking  Fault  ProMb'lltles  (n) 
vlth  Publisbcd  Data  on  Ra><Lua  Brlllouln  Zone  Contact 
Q-id  Fralt 


Materled 

20°C 

-1960c 

Fault  Energy 
(ergs/cm^) 

Rcdlue  of 
Brlllouln  Zona 
Contact^ 
(givcrv/s0o) 

Copper 

167-333 

100 

33±3(^3^* 

0.24 

Cu-5»7  at.%  A1 

91(4)* 

— 

16(13)* 

Cu-U.3  at.^  A1 

29 

15 

3(13)* 

Cu-20  at.^  Zn 

34(3)* 

10(13)* 

Cu-35  at.  56  Zn 

26<ii)* 

18(3)* 

6(13)“ 

Silver 

lll<io)* 

45 

21»(14)* 

0.18 

Ag-6  at.)(  A1 

80 

28 

5(13)* 

Gold 

90 

3oni4)* 

•  0.22 

*Referenee  numbers.  Values  not 

referenced  taken  from  this  Inveotlgatlon. 

‘^Calculated  from  data  on  twinning  stress. 

^Token  from  R.  \ 

(.  Morse,  "The  Feral  Surfaces  of  the  Noble  Metals  by  Ultra- 

8onica,"ln  Harricon  and  Vebb»  od. ,  Jhs  Fermi  f>jrface.  John  Wiley  &  Sons, 
luc.,  heu  York  (I960),  p.  214« 
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TIME,  hours 

Fig.i-Oeformotlon  Stackir-j  Foult  Probability  a  vs. 

Anneoling  Time  for  Cu*  l4  at.%AI  Filed  ot  20*C 
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This  research  la  partially  supported  by  the  U.S.  Kavy  Bureau  of  Shlpn* 


The  principal  research  of  this  group  has  been  the  preparation  of 
various  germanium  chalcogenide  coinpounds  and  the  Investigation  of  tone 
of  thfir  physical  properties.  The  emphasis  in  this  program  has  been 
directed  toward  studying  anisotropic  materials  with  interesting  optical 
properties  such  as  dlchroism,  birefringence,  inf*ared  photoconductivity, 
and  selective  absorption  characteristicn  having  a  wide  range  of  cut-on 
and  cut-off  frequencies.  Since  several  materials  ha\e  been  under  inves¬ 
tigation,  the  following  sunmry  of  results  vdll  be  given  by  individual 
compour^s. 

A.  Germanium  Monoselenide^  GeSg. 

Research  on  this  compound  was  carried  on  as  a  continuation  of  mea¬ 
surements  that  already  were  in  progress  ;jrlcr  to  the  ARPA  program.  A 
complete  sumrary  of  the  optical  measurements  has  U,en  made  in  a  paper 
entitled,  "Optical  Absorption  and  Photoconductivity  In  Germanium  Selen- 
Ide, "  which  has  been  accepted  for  Iricluslon  in  the  program  of  the  Inter- 
nitionnl  Conference  on  Photoconductivity  to  be  hold  at  Cornell  University 
in  August,  1961.  The  papers  present'd  will  subsequently  be  pabllohed  in 
the  proceedings  of  the  conference.  The  following  paragraph  is  a  sumnory 
of  Ihe  abstract  from  the  submitted  paper. 

Optical  absorption  was  investigated  in  extremely  thin  single  crystal 
specimens  of  GeSe.  Absorption  data  at  3CX)°K  cover  a  wavelength  range  of 
1.20  to  0.45  microns  with  the  absorption  coefficient  cbanglng  from  30  to 
1.2  X  10*  cm”^.  The  GeSe  absorption  curve  is  shown  in  Fig.  1  and  also  tho 
corresponding  curve  for  gernanlum  sulfide  which  will  be  discussed  in  the 
next  section.  An  analysis  of  the  absorption  edge  for  direct  and  irxiir:ct 
transitions  1  described.  In  the  high  absoretlon  region  a  direct  transi¬ 
tion  photon  energy  dependence  of  (hv  -  with  Eg  =  1.53  ov  wan  shovm 

to  give  a  good  fit  to  the  date  over  a  considerably  greater  energy  range 
than  the  relation  (hv  -  Eg)"®,  Tho  spectral  response  curve  for  an  evapo¬ 
rated  film  type  photoeonductlve  layer  of  GeSe  was  obtained  in  the  some 
wavelength  range  and  la  shown  In  Fig.  2.  This  curve  shows  two  bands  of 
responslvlty  with  the  threshold  energies  corresponding  cloooly  to  tho 
energy  gap  values  that  were  determine  for  the  direct  and  indirect  band 
transitions. 
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3.  Gemanluia  Honogulfij^.e.  GcS. 

In  view  of  the  analysis  of  the  optical  data  for  Go3e  similar 
meaaureanenta  already  completed  for  Geo  were  re-evaluatcd  (C.  R.  Data, 
Ph.D.  Thosia,  northwestern  Uoivofsit'-,  195C;  unpublished).  The  result 
is  that  GeS  has  been  s'.uwn  to  be  oiicilar  in  most  respects  to  GeSo  in 
the  behavior  of  the  optical  properties.  A  comparison  of  the  absorption 
curves  in  Fig.  1  shows  that  thoy  are  nearly  identical  with  that  of  GaS 
displaced  toward  higher  energies  by  approximately  0.39  ev.  A  revised 
paper  entitled  "Optical  and  Zilectrical  Properties  of  Germanium  Sulfida" 
is  now  in  preparation. 

Since  GeS  and  GsSe  are  highly  anisotropic  materials,  three 
dimensional  crystals  ore  necessary  in  order  to  obtain  a  complete  set 
of  galvanomagnetic  coefficients  to  describe  the  electrical  properties. 
Consequently,  techniques  are  now  being  considered  for  the  preparation 
of  larger  single  crystal  specimens.  Additional  optical  work  on  these 
materials  is  also  being  considered.  Since  Gt"*  is  isotypic  with  GeSe, 
it  may  bo  possible  to  alloy  the  two  in  various  proportions  in  order  to 
control  the  width  of  both  the  direct  and  indirect  energy  band  gaps. 

Such  a  procedure  but  with  different  materials  has  bean  reported  chiefly 
from  Russia. 

c.  GeCTianign  aod  Germanium  Dlselenldo.  GoSea. 

As  reported  in  the  literature,  GeSa  was  found  to  exist  in  both  a 
crystalline  and  a  vitreous  phase.  Measurements  thus  far  have  been 
confined  to  the  vitreous  GoSa,  which  is  an  amber  colored  glass. 
Preliminary  transmission  data  indicate  the  material  is  transparent  to 
rodiatlon  in  a  vravolength  range  of  0.4  to  10.0  microns.  Fv\rther  wor’' 
on  GoSa  is  in  progress. 

Also  prepared  and  under  investigation  is  GeSea#.  Indications  are 
that  GoSea  Kay  also  exist  in  more  then  cue  phase;  however,  all  material 
preparea  to  .ate  appears  to  be  crystalline.  The  compound  GeSea  is 
virtually  unknown  in  the  literature. 

0,  Other  Ge  -  Comr.ounds . 

Polycr)'stalline  Ingots  of  germanium  tellurlde,  GeTu,  huxve  been 
prepared  but  attempts  to  grow  single  crystal  samples  by  the  methods 
employed  with  GeS  and  GeSe  have  not  been  successful.  It  is  knoim  that 
OeTo  has  a  crystal  structure  which  differs  from  that  of  GeS  and  GeSe, 
and  therefore  it  ia  suepected  that  GeTe  will  not  exhibit  similar  opticel 
properties. 

Several  methods  have  been  tried  to  prepare  germanixim  monoxide,  GeO. 
Considerable  disagreement  can  be  found  in  the  literature  as  to  the 
existence  and  the  exact  nature  of  this  di-valent  oxide  of  germanium.  From 
an  exemination  of  tho  samples  prepared  thus  far  it  is  not  yet  possible  to 
determine  whether  or  not  a  stable  crystalline  or  vitreous  phase  of 
stoichicmotric  CcO  can  be  pireparod.  F'lrther  work  is  planned. 
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POBiJOATIOl’S 

1.  Optical  Absorption  and  Photoconductivity  in  Cemsnium  Selonide, 
by  C.  R.  Kannevrarf  and  R.  J.  Cashman  sutmitted  to  Intornational 
Conference  on  Photoconductivity  to  be  held  at  Cornell  University 
In  August,  1961. 

2.  Optical  and  Electrical  Properties  of  Gemanium  Sulfide, 

C.  R,  Betz,  C.  R.  Xpnnouurf  and  R.  J.  Cashman.  It  is  ten¬ 
tatively  planned  to  submit  this  to  Tv^e  Ph vales  cni  ChoiBlstrv 
of  Solids. 
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U3 tra  Thin  Lavers  of  iiotal  Single  Cr'^stals 

Project  Directors  R.  L.  Hinos 

jissistant  Professor,  Department  of  Plsysics 

R.  ’./allar 

Graduate  Research  Assistant 

The  experimontal  approach  to  making  metal  crystals  perhaps  as  thin 
as  one  atom  is  proceeding  in  two  s  .  iges.  First,  the  growth  of  very  thin 
evaporated  gold  films  on  a  clean  mica  s’jrface  is  being  investigated. 

Second,  the  thinning  by  thermal  evaporation  or  ourfaco  diffusion  of  the 
thinnest  single  crystals  vdiich  can  be  dotached  front  the  mica  will  be 
investigated.  At  present,  an  all  glass,  bakeable  vacuum  systan  with  a 
mercury  diffusion  pump  and  t\io  liquid  air  cooled  traps  is  used  for  the 
evaporations.  The  glass  evaporator  tube  is  .racked  and  resealed  for 
each  evaporation  by  the  use  of  standard  glass  blowing  techniques. 

Bakeable  met.al  flanges  and  a  bakeable  valve  have  boen  pruchacod  but 
have  not  yet  been  Installed.  The  mica  is  cleaved  inside  the  vacuum 
system  just  before  evaporation  to  insure  a  clean  mica  surface.  An 
estlmato  of  the  thickness  of  the  film  is  obtained  from  its  optical 
reflection  coefficient  by  extrapolating  known  data  to  the  very  low 
thicknesses  of  interest  here.  It  is  estimated  that  a  monolayer  of  gold 
on  mica  will  reflect  2.5/i  more  light  than  a  mica  surface  al.one. 

Approximately  twenty-five  evaporations  of  gold  on  a  freshly  cleaved 
mica  surface  have  been  carried  out  at  pressures  of  10"’rtim  Hg  to  10"*^^  Hg 
and  at  evaporation  rates  of  5A/mln  to  500  A/min.  The  follovrlng  phenomena 
have  been  obsorveds  a)  A  300  A  thick  film  grown  on  a  heated  mica  substrata 
separates  from  the  substrate  on  cooling  over  areas  1  mm  in  diameter  so  that 
it  should  be  possible  to  mo\jnt  the  film  independently  of  the  mica, 
b)  V/hon  th  .  300  A  thick  film  mentioned  above  is  fractured  by  piilllng  p:xt 
of  it  off  with  a  piece  of  Scotch  tape,  it  fractures  in  a  pattern  consisting 
predominantly  of  straight  edges  intersecting  at  angles  of  t0°  and  120^. 

From  other  work  it  is  expected  that  the  gold  film  is  so  oriented  that  its 
(ill)  face,  which  has  hexagonal  symnetry,  lies  parallel  to  the  mica  svTfaco. 
o)  On  films  only  a  few  atoms  thick,  the  reflection  coefficient  has 
different  values  at  different  points  on  the  surface;  striatlons  are  formed 
oven  though  the  deposition  conditions  are  uniform.  This  suggests  that  the 
deposited  gold  atoms  diffusa  over  the  surface  until  tliey  are  trapped  at 
steps  on  the  film  surface,  d)  The  average  width  of  the  striatlons  is 
0.01  mm  at  an  ostimated  mica  temperature  of  250®C  and  a  deposition  r»te 
of  20  «/nin  and  is  0.07  at  an  estimated  mica  tempex'aturc  of  330^0  3r/i 
a  deposition  rate  of  20  A/min.  e)  Ho  striatlons  have  been  seen  on  films 
with  on  average  thickness  as  estimated  from  the  reflection  coefficient  of 
two  atom  layers  or  less,  ’’'his  suggests  that  the  diffusion  coefficient  of 
gold  on  mica  is  noticeably  less  than  the  diffusion  coefficient  of  gold  on 
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gold.  ?oDia  of  these  observations  have  bsen  presented  in  a  paper  at  the 
'fashington  meetino  of  the  imerican  Physical  Society. 


In  the  next  year  it  is  planned  to  malce  quantitative  measurements  of 
the  reflection  coefficient  vjitl'.  a  space  resolution  of  0.005  mn.  If 
such  measurements  sho^/  that  the  observed  striations  correspond  to  discrete 
values  of  the  film  reflection  coefficient,  it  \ri.ll  suggest  that  the  films 
are  exact  integer  thicknesses  of  atoms.  It  is  expected  to  make  an 
electron  diffraction  study  in  order  to  obtain  confirmation  of  the 
crystallinity  of  the  films.  The  most  promising  method  of  obtaining 
monolayer  foils  free  of  any  substrate  now  appears  to  be  the  thinning  of 
foils  several  hundred  ioigstroms  thick  by  sui'face  diffusion.  An  experiment 
is  now  being  planned  to  use  the  electron  beam  in  an  electron  microscope 
both  to  heat  the  foil  to  cause  surface  diffusion  and  to  examine  the  foil 
as  it  is  being  thinned. 


1.  R.  L.  I’ineo,  "Gold  Crystals  Cne  Atom  Thick",  Bulletin,  yimerican 
Society  II.  6  (1961)  p.243. 


fiatoriala  Roseau,  ch  Project  #4 

Experlmcptal  Deterulnatlon  o£  Fenr.l  Surfaces  in  Mstals 

Project  Director:  J.  A.  l-;arcn3 

Associate  Professor,  Department  of  Physios 

This  Research  is  Partially  Sponsored  by  The  National  Science  Foundation 

A.  Galvanomagnetic  Coefficients  GalliuB  Single  groMfl  2Z!ld 

U.  At  Reed 

Fh.D.  Thesis  Research 

The  eighteen  cemponents  of  the  nagnetoreslstlvlty  tensor  necessary 
to  specify  the  relation  between  the  electric  field  and  current  in  the 
presence  of  a  magnetic  field  have  been  measurei.'  at  77‘’K  in  fields  to  to 
5  kllogausa.  An  attempt  is  being  made  to  analyse  ths  data  on  the 
assumption  that  at  these  temperatures  the  Fermi  surface  can  be 
approximated  by  a  number  of  siiitably  chosen  ellipsoids.  No  furth'</  / 
work  at  low  magnetic  fields  la  contemplated. 

B.  Galvanomapnetle  Properties  s£,  Gallium  ^  Helium  Temperatures 

W.  A.  Read 

Ph.D.  Thesis  Research 

Measurements  on  the  mafnstle  field  and  orientation  dependence  of 
the  magnetoreaiatance,  Hall  effect,  planar  Hall  effect  and  quadratic 
Hall  effect  have  been  completed  for  all  orientations  in  which  the 
current  la  along  a  crystallographic  dlrectioc  and  ths  field  lies  in  a 
principal  plane.  It  appears  that  the  extremely  complicated  angular 
dependence  of  he  magnetoresistance  may  be  accoun+ed  for  by  an  open 
Frrml  surface.  An  attempt  la  being  made  to  analyse  the  data  in  terms 
of  a  Harrlson-typs  OP^  model  of  the  Fermi  surface  which  has  been 
crJ.culated  using  the  4.2°K  valuea  of  the  lattice  parameters  of  gallium 
(originally  exti-apolated  from  room  tenporature  values  but  recently 
confirmed  by  measurements  at  4.2'’K  by  C.  S.  Barrett  of  the  Dniversity 
of  Chicago) . 

As  a  general  check  of  the  conclusions  resulting  f^m  this  analysis, 
additional  meaaurementa  will  bo  mads  at  orientations  in  which  tho  current 
is  not  limited  to  axial  directions.  These  aeasuruBents  should  provide  a 
batter  iinderstanding  of  the  quadratic  Hall  effect,  which  has  also  been 
observed  in  tin®  and  copper®. 
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C.  The  2®  Haas-Van  ^dphen  Effect 


J4  Condon 

Ph.D.  Thesis  Research 

In  order  to  supplraent  the  infomation  on  the  Fermi  siirface  of 
gal?.iuni  obtained  from  the  above  galvancanagnetic  measurements,  a  detailed 
study  of  the  de  Haes-van  Alphen  effect  lias  been  initiated.  Measurements 
are  performed  uith  a  ser-.-o-type  recording  torsion  balance  of  sensitivity 
2  X  10“*  dyne  cm/mm.  ’Jith  this  improved  instrument  obtaining  data  has 
become  almost  a  trivial  matter  but  the  complexity  of  the  data  is  such 
that  its  reduction  has  become  the  major  problem  to  be  solved. 

The  recording  torsion  balance  has  been  used  to  study  the  dH-vA 
effect  in  calcium  at  1.3*K.  The  dominant  period,  P  =  2.9  X  10“'^  gauss*^, 
is  five  times  that  observed  by  Borlincourt^.  This  discrepancy  must 
arise  from  the  fact  that  we  are  studying  a  dllforent  portion  of  the 
Fermi  s\irface  than  that  ^ich  gives  rise  to  the  short  period  oscillations 
observed  by  the  high  pulsed  field-tedmique.  Detailed  investigation  of 
calcium  awaits  the  installation  of  the  large  ALL  magnet. 

Investigation  of  other  metals  of  interest  (beryllium  and  zinc  alloys 
in  particular)  will  be  undaartaken  as  single  crystal  samples  beceme 
available. 

D.  Mugnetic  Suaceptibil  itv  of  Dla-  and  Pnrrmnrr.ot  j  c  Subataneea 

Ae  a  result  of  Jannlnck  and  ’.Aiitaore'e  observation  of  on  ar.omaly 
in  the  electronic  specific  heat  of  a  series  of  o-AgCd  alloys,  susceptibility 
measurements  were  made  on  their  samplea  at  roctn  and  liquid  helium  temper- 
at'ffes.  No  corresponding  anomaly  in  the  susceptibility  v;no  observed  nor 

any  evidence  found  of  ferronarnetlc  impurities. 

high  ponsitivlty  recording  susceptibility  balance  of  the  trans¬ 
lational  typo  is  being  constructed  to  facilitate  peasuroments  such  as 
the  above. 


1.  T.  A.  Reed  e^d  J.  A.  harcus,  3ull..  .a.  Phva.  .vac.  3er.  II,  6, 
27  (1961). 

2.  V.  !'.  Kachlaskll,  Dokladv  /.kad.  R^.uk.  337R  13 816  (I960). 

3.  J.  R.  Klauder  and  J.  E.  Kunzler,  Phva.  Rev.  J..  6,  179  (1961). 

4.  T.  G.  Berllncourt,  Profi.  7tV  Int.  Conf.  Low  Trmn.  Fhya.  p221 
U.  Toronto  Press  (1^. 


Materials  ResaarcU  Project  #5 

f’^pllcatj  ona  o£  Inter Ferometry  t£  rHwonslotial  Chnnjres  in  Solltls 

Project  Director:  P.  R.  Pack 

Associate  Ptofeesor,  Deportment  of  Physics 

Two  subdivisions  of  tho  project  ore  ccnaidcrod  in  this  report.  The 
first  i  3  the  measurement  of  magnetostriction  in  paramagnetic  or  diamagnetic 
aaterial-s.  This  research  is  well  under  way.  Tho  second  subdivision  is 
being  plumed  concurrently  end  is  the  measurement  of  crcup  of  solid 
materials  under  very  lev  stress. 

A.  nr.metostrlotlon 

n.  C.  Anderliolm 

Ph.  D.  Thesis  Research 

In  1932  Kapitzti^pub]  ished  vrerk  on  magnetostriction  in  paramagnetic 
and  diamagnetic  materials.  He  observed  magnetostriction  in  bismuth, 
antimony, graphite  and  gallium,  the  largest  effect  being  in  bismuth, 
Schoenberg^,  working  under  Kapitsa's  direction  at  a  later  time,  did 
additional  work  which  first  allowed  determination  of  the  complete  set  of 
magnetostriction  moduli  of  bismuth.  IVobsblo  errors  in  Kapitsa's  and 
Schoenbarg'a  work  were  of  the  order  of  10!^.  The  same  precision  was 
realized  by  Volf  and  Goertz®,  who  investigated  the  effect  of  Impurltioa 
on  tho  magnetostriction  of  bismuth,  although  their  purest  material  was 
99.97J5  bismuth.  Interferometric  techniques  should  now  permit  measurement 
of  length  changes  one  hundi-od  times  smaller  tlua:  those  measurable  bf^ 

Kapitza.  It  is  proposed  first  to  repeat  work  on  bismuth,  with  expected 
precision  of  the  order  of  21,  end  :ri.th  material  of  present  standards  of 
parity.  Other  materials  may  then  bo  investigated, 

Instrunoi-Latlon  is  in  the  final  stages  of  developnent.  Tho  dllatiT.ieter 
contalna  a  Micholaon  intewferometor  using  comer  prisms  for  stability  cf 
optical  adjustment.*  A  photomultiplier  views  the  Interference  fringes 
formed  by  green  light  from  a  mecury  arc,  r/hile  a  second  photoimiitiplier 
monitors  the  arc.  These  two  photocells  and  their  associated  amplifiers 
form  with  the  interferometer  a  combined  optical  and  clacbrical  bridge 
circuit,  which  is  unbalanced  ^  differential  motion  of  the  two  corner  prisms. 
An  output  meter  reads  the  unbalanced  algnal.  Dffecta  of  arc  voriatlon, 
supply  voltage  variation,  and  thonaal  expansion  of  tho  interferonoter  ns 
a  whole  ore  ninljoizod  by  this  bridge  arrangement.  Coupling  betireen  the 
intorfci'ometor  and  the  sample  is  made  by  the  motion  of  diaphragms  in  a 
closed  hydraulic  system,  which  is  designed  to  magnify  the  dilatation  of 
the  senpio  by  a  factor  of  ten  while  transmitting  it  to  the  intorfercoetcr. 

The  hydraulic  system  is  balanced  against  thera^  expansion  cf  tho  fluid. 

Such  a  coupling  a/stem  has  the  advantage  of  freodom  from  static  friction. 

It  permits  various  orientations  of  the  sample  between  magnet  poles,  while 
the  intorferenetor  remains  outside  the  field.  Ultimate  eeiultlvlty  of  the 
entire  dlletoneter  la  expected  to  be  about  three  Angstrom  units  for  full- 
scale  deflection  of  tho  meter. 
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The  longitudinal  strain  ii-t/'t  ot  a  rod  subjected  to  a  longitudinal 
magnotlc  fitld  H  hr.s  been  shoun®}-^  to  be  expressible  jin  the  form 

‘'Vt  =  4  K>  [S  * 

where  X  is  the  susceptibility  of  the  material,  p  is  longitudinal  s&ress, 

1  la  Young’s  modulus  and  a  is  Poisson's  ratio.  Previous  investigators  of 
magnetcstrictlon  in  bismuth  were  not  able  to  observe  the  second  term  in 
the  square  brachets  because  of  the  probablo  error  in  their  'work.  Dependence 
of  tho  whole  quantity  in  cqururo  brackets  upon  K  has  been  proposed  for 
ferromagnetic  matorials*,  and  is  auggested  for  bismuth  by  the  data  of 
Holf  and  Goerta*’,  but  rot  by  the  data  of  Kapitza  or  Schoenberg.^*®  Thia 
is  a  question  which  needs  clarification  by  more  precise  measurements. 

B.  Creep  Under  Low  Stress 

Baij  Nath  Khanna,  Foatdocc^ral  Research  Associate 

The  ability  of  interfsrcraetric  tec'inlques  to  meaaure  dilations  of 
only  thirty  Angstren  units  with  some  acinnracy,  and  to  observe  down  to 
perhaps  atundi-adth  of  this  quantity,  suggests  the  use  of  these  means 
for  observing  strains  under  very  sm^l  stress.  In  the  low-temperature 
range  for  pure  crystals,  creep  sets  in  »t  small  stresses  as  a  result  of 
the  motion  of  dlslocatioos.  It  is  proposed  to  construct  an  interferonoter 
of  particularly  great  stability,  in  a  charmostatically  controlled  housing, 
to  observe  creep  near  room  temperature.  Uork  of  Chalmers’  on  this 
mloroci'eep  in  tin  may  then  be  checked  and  extended  to  other  matorialo. 

An  interferometer  of  the  typo  described  would  have  other  uses  as  \rall, 
for  example  in  a  study  of  recovery  after  irradiation. 
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Studlea  of  SeTrieonductlng  Gray  Tin.  Supported  partially  by  OKR 

Project  Director:  A.  W.  Ewald 

Associate  Professor,  Department  of  Physics 

H.  J.  Lauc 
Research  Assistant 


A.  Purification  of  Tin  and  Growth  of  Gnv  Tin  Cn^stal  a 

An  investigation  of  two  new  methods  of  purifying  tin  has  yielded 
some  very  encouraglr^  results.  In  the  first  of  these  methods,  which 
has  the  advantage  cf  a  relatively  high  yield  of  purified  mater Jal, 
gray  tin  crystals  and  crystals  of  HgSnia  are  grown  simultaneously 
from  mercury  solution.  Ir^niritlos  are  concei  trated  in  the  gray  tin, 
which  is  discarded.  The  compound  is  redissolvod  cud  gray  tin  crystals 
are  grown  from  the  solution.  This  method  has  produced  crystals  having 
an  impurity  concentration  of  7  x  10^*  per  cc  as  compared  with  the 
3  X  10'*'®  per  co  of  the  best  commercial  tin  (which,  incidentally,  has 
only  recently  become  available).  In  the  cocoul  nmthod  mercury  is 
absorbed  by  chunks  of  gray  tin  as  tho  temperature  is  raised  above 
0®C,  ITvla  mercury  is  expellod  at  lower  teoperaturea  and  carries  with 
it  tin  that  is  quite  free  of  Impui'itles.  The  method  has  a  low  yield 
and  only  two  samplea  have  been  tested  thua  far,  but  the  better  of  these 
contained  oxQy  6  x  10^*  impurity  atoaa  per  oc.  In  comparison  with  the 
tin  used  in  oui-  previous  studies  of  semiconducting  pi'operties,  this 
represents  an  laprovenont  of  two  orders  of  magnitude.  It  is  remarlcoble 
that  crystals  of  this  purity  can  be  grown  from  mercury  solution.  It 
appears  that  the  solubility  of  meremry  in  gray  tin  (at  sufficiently 
low  temperatures)  is  extremely  small.  Tliis  is  a  most  fortunate 
circumstance  '‘or  tho  further  investigation  of  tho  cemiconducting 
properties  since  growt.h  from  mercury  solution  is  tho  only  msthod  of 
obtr.ining  single  crystalo. 

Future  work  on  pviriflcatlon  will  airphaslse  tho  ceconl  msthod  in 
order  to  accumulate  a  more  adequate  supply  of  the  highest  purity 
material.  The  first  method  will  be  used  to  produce  lightly-doped, 
n-type  material. 

B.  Semiconducting  Properties  oSi  IJlO 

R.  E.  Lindquist 

Ph.D.  Thesis  Research 

F.  D.  Kinkley 

Research  Assiatent 

A  renewed  irvestigatioa  of  photoconductivity  with  the  higher  purity 
speclnona  and  a  new  helium  dewar  dealgned  for  optical  work  la  in  piogrcas. 
Previously  ths  photo-sonsitivity  vsa  insuffLclent  to  observe  tho  enoctral 
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response.  In  a  prelininary  experiment  under  the  new  coouitions  a 
response  to  monochromatic  infrared  reidiation  was  detected  out  to 
16.5  microns  at  liquid  helium  temperature.  Further  noarursments  to 
determine  the  relative  spectral  sensitivity,  the  absolute  sensitivity 
and  the  dependence  of  the  long  wavelength  limit  upon  teiiperature  and 
purity  are  planned  for  the  immediate  fliturs. 

A  study  of  the  optical  properties  of  gray  tin  through  measure¬ 
ments  of  the  reflectivity  of  a  natural  surface  to  monochromatic, 
polarized  Infrared  radiation  has  been  in  progress  for  several  years. 
During  the  past  year  final  room  temperature  data  have  tsen  obtained. 

The  wavelength  dependence  of  the  absorption  coefficient  and  of  the 
index  of  refraction  have  been  determined  in  the  region  from  1  to  25 
microns.  The  refractive  index  has  a  constant  value  of  4»75  in  the 
1  to  6  micron  region  and  then  decreases  to  approximately  1*3  at 
22  microns.  The  aosorotlon  coefficient  decreases  from  3  x  10®  cmT^ 
at  1  micron  to  d  x  10®  at  15  microns  and  then  rises  again  at  longer 
wavelengths.  The  measurements  are  now  being  extended  to  loinr 
temperatures  and  to  doped  material  in  order  to  Isolate  the  individual 
effects  of  electrons  and  holes  on  the  optical  properties. 

Closely  related  to  the  photoconductivity  end  reflectivity  measure¬ 
ments  is  a  study  of  the  infixed  transparency.  All  previous  searches 
for  transparency  at  long  wavelengths  have  yielded  negative  results, 
presumably  because  of  strong  tree  cazrler  absorption.  However,  in 
view  of  the  marked  improvement  in  purity  that  has  been  achieved,  a 
relnvestlgation  seesis  justified  and  will  be  undertaken.  Techniques 
for  grinding  speoimsns  to  thicknesses  of  the  order  of  10  sderons  with¬ 
out  converting  them  to  metallic  tin  have  already  been  worked  out  and 
the  equipment  necessary  for  transmlBSion  iseasurements  at  low  temperatures 
is  at  band. 

A  search  for  magneto-plassA  reflection  in  which  the  application 
of  a  magnetic  'leld  produces  a  splitting  of  the  mdnimum  in  the  normnl 
reflectivity  curve  was  undertaken  during  the  past  year.  No  effect  on 
tbs  reflectivity  of  gray  tin  of  magnetic  fields  up  to  25  kllogauss 
was  observable  in  "pure"  samples  or  in  specimiens  doped  with  up  to 
10^’  impurity  atoms  per  co. 

Preparations  are  under  way  for  cyclotron  resonance  experlawnts  to 
be  perforsMd  in  collaboration  with  Dr.  Dexter  of  the  University  of 
Wisconsin.  The  special  problemis  of  handling  gray  tin  and  of  miountlng 
spociaena  in  the  resonant  cavity  have  been  discussed  and  the  first 
experiments  are  planned  for  June. 
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Mork  Fimcticiq  Phetinmeria  In  3ol5.'^.3 

Project  Director  Freriehs 

Professor,  Deportment  of  Electrical  lingineerlng 

R.  Ilaiidy 

Ph.D.  Thesis  Research 


K.  Tunnelling  Pheneciera  in  Thin  Insxilatlrg  Films 

An  investigation  of  the  phenomenon  of  tu’cr.ellng  through  thin 
insulating  films  is  underway.  Several  hundred  samples  ware  prepared 
by  evaporating  aluminum  on  carefully  cleaned  glass  slides,  oxidizing 
the  aluminum,  and  then  evaporating  another  layer  of  aluminum  or  otlier 
metal  on  top  of  the  oxide.  Both  anodic  cxldrtion  and  heating  in  dry 
oxygen  were  tested  as  methods  for  producing  tuo  oxide  Inycr;  thu  effects 
of  tempering  the  oxidised  layers  in  vacinm  prior  to  the  second  evaporation 
were  studied.  The  following  behavior  was  observed. 

1)  iill  Eunples  show  symmetrical  1-V  characteristics  typical  of  tunnel 
condi’ction,  \ri.th  siarface  resistivity  roughly  controllable  from  10”^ 
ohm  cm®  to  10 ’  ohm  cm®,  the  value  dependent  upon  the  particular  treat¬ 
ment.  No  significant  amount  of  rectification  was  observed. 

2)  The  I-V  characteristics  of  a  group  of  samples  whoso  Initial  films 
ware  p»*epare<'  -nd  cxidized  all  at  the  same  ti'  9  are  profoundly 
affoctod  by  the  intensity  and  duration  of  vacuua  tempering  prior  to 
tli9  second  evaporation.  The  longer  the  tempering  and  the  higher  the 
tamperature,  tlie  '.ower  the  resistivity  of  the  resulting  barriers. 

It  was  else  observed  that  the  charr.cteristics  of  the  junction  and 
purticalcrly  t.*a  unAformity  of  the  oxide  films  depends  critically  upon 
the  vacuum  maintained  during  the  second  evaporation.  All  the  above- 
mentioned  samples  were  prepared  in  a  standard  vacuum  coating  stand 
evecuoted  by  a  v;ater  baffled  oil  diffusion  pmp  capable  of  maintaining 
the  pressure  In  the  boll  jar  at  1  x  10“®Tr5’..  This  pressure  range  rep¬ 
resented  a  serious  limitation  aince  the  tunneling  junctions  are 
observably  dependent  on  gasaous  contamination  introduced  during  the 
evaporation.  In  order  to  oveircame  this  limitation  an  all  glass,  a 
bakeabla  ultra-high  vacuum  evaporation  system  was  designed  which 
utilises  a  mercury  dif fusion  pump  and  liquid  nitrogen  traps.  This 
system  has  just  been  ccmploted  and  has  undergone  preliminary  teats 
which  show  that  it  ia  capable  of  reaching  static  pressures  in  the 
evaporation  laanlfold  cf  lO'^^^QR  after  baheout,  and  of  holding  at 
5  X  10~^CR  or  leas  during  the  actual  evaporation.  At  this  writing, 
the  first  few  scunples  which  have  been  proceed  a^iow  that  the  tunnel 
resistance  is  ctill  sensitive  to  the  tempering  time  and  temperature, 
n  behavior  which  indicatoa  that  this  phenomenon  la  affected  by  gradual 
chengoa  in  the  structure  of  the  metal -oxide  leyera,  and  that  it  la 
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probably  Independent  of  the  residual  pressure  d-'jrlrg  evaporation. 
l>aring  tho  coming  quarter,  the  much  Irproved  vacuum  conditions  will 
be  used  to  stitdy  this  phoacmenon:  factors  governing  the  uaifomity 
of  tho  tunnel  junctions,  and  the  influence  of  electron  etato  density 
and  work  function  of  the  electrode  metal. 

B.  Work' ’Function  Studies  Very  Low  Temperatures. 

ija  ultra  sensitive  detector  for  measuring  ’.rcrk  function  changes 
at  very  low  temperatiarcs  by  the  CPD  method  van  constructed.  The  sensing 
element  is  a  vacuum  encapsulated  vibrating  capacitor  which  con  be 
immersed  in  liquid  helium.  In  order  to  avoid  electrical  pickup  and  cool- 
out  loss  from  driving  the  capacitor,  a  resonant  molybdenum  reed  v;a3 
utilized.  When  cooled  the  mechanical  ^  of  the  reed  is  so  high  that 
it  can  be  excited  at  resonance  by  an  external  generator  mechanically 
coupled  to  the  frame  supporting  the  helium  dewar.  To  overcome  the 
oei  lou3  noise  problems  generated  by  tho  boi-i  Ing  coolant  and  stray 
aleobrical  piclaip  an  auto-correlatoi'  was  Included  in  the  measuring 
circuit,  with  integration  time  variable  frem  seconds  tr  mlnutos.  The 
completed  unit  had  an  input  impedance  greater  than  10^'*  ohns  and  was 
capable  of  detecting  voltage  in  CPD  changes  of  less  than  0.0005  volts. 

The  unique  sensitivity  of  this  device  was  used  to  investigate  the 
theoretical  predictions  that  the  energy  gap  associated  with  the  onset 
of  auparconductivity  grows  symmetrically  around  the  Fermi  level.  The 
theoretical  expectations  were  confirmed  and  no  charge  in  work  function 
was  obaerved  to  be  associated  with  superconductivity. 
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A«  Jn-'^eotipatian  the  Ir.cubatian  Creep  Effect 

R.  Araennult 

El.  J.  Theais  Research 

This  project  is  concerned  vith  an  investigation  of  the  incubation  creep 
effact  in  alpna  iron.  Since  the  first  observation  of  the  incubation  effect 
in  iron^  no  I'virtner  attempts  have  been  made  either  to  explain  its 

orifin  or  to  obtain  mora  experimental  data  on  its  behavior.  It  is  pLonned 
to  treat  both  those  aspects  of  the  problem  in  this  study. 

The  incubation  effect  occurs  in  eJlpha  iron  .’hen  a  small  stress  incre¬ 
ment  is  added  to  a  sample  vdiich  is  imder  a  tensile  stress  and  is  at  a 
temperature  of  the  order  of  20®  to  100®C.  After  the  addition  of  the  stress 
increment  the  sempla  first  dofoma  at  a  very  slow  rate  but,  after  a  tire 
interval  (the  incubation  time),  the  rate  of  deformation  s’lJJonly  Increases. 
Later  the  deformation  rate  slows  again  and  approaches  Pisro.  If  an¬ 
other  stress  increment  is  added  after  the  rata  baa  become  zero  the  whole 
incubation  effect  Is  repeated. 

The  samples  used  in  this  investigation  are  made  from  high  purity 
iron*  with  an  interstitial  content  of  10-20  ppm.  The  iron  is  polycrystalline 
with  an  average  grain  dimension  of  about  5  nm. 

A  portion  of  a  stress  Increment  tost  is  plotted  in  Fig.  1.  The 
initial  stre3s(2.6  Kg/rm^)  was  3/4  of  the  yield  strength.  The  fii'st  stress 
increment  was  added  about  two  hours  later.  After  this  addition  the. samples 
elongiitcd  at  a  con'  tent  but  very  slow  rate.  After  an  incubation  time  the 
rata  cf  deformation  Increased.  The  incubation  time  verios  with  temperature 
ard  with  the  magnitude  of  tho  stress  Incremont.  The  time  Interval  during  x.hlch 
rapid  deforrantion  occiurs  also  is  a  function  of  these  variables.  Firpther, 
the  Incubaticn  time  is  a  fimction  of  an  "ogiu,’"  tine,  where  the  aging  ulao 
la  defined  88  t!;e  time  interval  between  tho  end  of  tJiS  rapid  deformaticn  and 
tho  ndditlcn  of  a  new  stress  Increment  to  stait  anew  tho  incubation  cTfoct. 

The  Incubation  effect  con  be  repeated  from  20  to  40  times  before  a  sample 
fructurcs. 


•Zone  refinod  iron  supplied  by  Uattollo  Memorial  Institute,  b'e  ere  Indeod 
indebted  to  ii*.  Jemes  V/.  Halley,  Chairman  of  the  Subcommittee  for  High 
Purity  Iron  of  the  Anerican  Iron  and  Steel  Institute,  fer  his  aid  in  ob¬ 
taining  samples  of  this  Iron. 


The  relatlonBhip  betueen  aging  tim«  and  incubation  tlae  is  shown  in 
Fig.  2.  /is  the  aging  time  is  increased  the  Incubation  time  increases,  it 
can  be  seen  from  Fig.  2  that  the  effect  of  an  Increase  in  temperature  is 
to  reduce  the  length  of  the  incubation  tijse. 

One  might  exrsct  that  temperature  has  tw  contradictory  influences 
on  the  incubation  phenoicenon.  It  is  !mown  from  Fig.  2  that  a  rela^.ively 
high  specimen  temperature  aids  t.’hatever  process  is  leading  to  the  onset  of 
rapid  deformation.  However,  again  from  Fig.  2,  it  can  be  seen  that  a  long 
aging  time  increases  the  length  of  the  incubation  period  and  thus  de?wHyj 
and  hinuers  uhatover  mechanism  causes  the  rapid  deformation.  Since  the 
aging  phenomenon  probably  involves  seme  sort  of  dlfihision  process,  on  in¬ 
crease  in  aging  time  can  be  ecqiected  to  be  equivalent  to  an  increase  in 
temperature.  Tests  have  been  conducted  in  an  attemi  t  to  sort  out  these 
two  temperature  effects.  For  cxcmiple,  a  scries  of  experiments  were  cairied 
out  in  which  samples  were  ali.ays  aged  at  the  tcnpcratui-e  50®C  while  incu¬ 
bation  time  was  measured  at  30°,  40°,  and  at  50°C.  It  was  found  that  the 
incubat.'on  tine  determined  frcaa  these  tests  obeys  a  law  of  the  type 

t  =  A  exp  (Q,/ter)  (1) 

x/hore  t  is  the  incubation  time,  A  is  a  constant  (for  a  fixed  aging  time 
and  aging  temperature),  Q.  is  an  activation  energy,  R  is  the  gas  constant, 
aril  T  is  the  tumperaturo  during  the  incubation  period.  An  activation  energy 
of  20,000  cal/aole  was  determined  from  these  experiments. 

It  la  planned  to  cazry  out  a  complementary  experiment  in  which  the 
incubation  time  is  measured  at  a  fixed  temperature  but  the  aging  is  carried 
out  at  various  temperatures.  If  tl^e  aging  phenomenon  is  diffusion  controlled, 
an  aging  time  at  temperature  Tx  con  be  related  to  an  aging  time  iz  at  c 
temperature  Ta  through  the  equation 

U  exp  =  T3  exp  (-<;j./OT2) 

where  la  the  ectivation  energy  connected  with  the  aging  process. 


(2) 


Although  Q  has  not  y»t  been  oeasuied  by  means  of  this  canplementary 
experiment,  Its^value  has  been  determined  by  a  less  direct  method.  Samples 
have  been  testjjfi  at  a  number  of  different  temperatures  but  with  no  temper¬ 
ature  change  made  between  the  aring  and  the  incubation  part  of  the  creep 
curve.  Fovt  if  one  know  the  value  of  Q  ,  it  irauld  be  possible  with  the  aid 
of  Kq.  (2)  to  translate  the  aging  time^at  any  particular  tempei’ature.  In 
addition,  if  the  lengtn  cf  the  aging  tine  at  any  given  temperature  were 
chosen  so  that  the  equivalenn  time  at  the  reference  tempe»‘aturea  is  alwoys 
the  same,  liq.  (l)  could  be  used  to  determine  the  incubation  activation 
energi'.  Since  Q  is  not  known  initially  one  can  only  make  a  guess  at  its 
value.  If  the  ^oss  is  incorrect,  the  value  of  Q.  lAioh  is  obtained  will 
differ  from  the  value  of  20, COO  cal/“ole  found  by  aireot  testing.  If  the 
value  of  Q  is  guessed  correctly,  the  calculated  value  of  Q  will  agree 
with  the  directly  measured  value  of  this  quantity.  Since  if  was  suspected 
that  carbon  diffusion  is  responsible  for  the  aging  effect  we  picked  a  value 
of  Q  equal  to  20,000  cal/oole,  the  diffusion  activation  energy  of  carbon  in 
olphS  iron.  This  value  of  Q  leads  to  an  incubation  activation  energy  whose 
value  also  is  20,000  cal/aolS,  in  agreement  with  the  value  measured  by  the 
direct  experiment.  Hence,  we  find  that  Q  is  equal  to  20,000  col/molc. 

The  curve  of  incubation  time  versus  aging  tine  for  tests  made  entirely 
at  one  temperature  follows  a  law  of  the  type: 

t  =  cT^  (3) 

idiere  n  is  a  constant  of  the  order  of  l/2  to  3/4,  and  c  Is  another  constant. 

In  the  incubation  period  a  sample  elongates  at  a  constant,  but  slow, 
strain  rate  t,  Ihls  strain  rate  increases  as  a  result  of  an  increase  In 
the  stress  Increment  applied  to  the  sample  and  diminishes  with  an  increase 
in  the  length  of  the  preceding  aging  period.  The  strain  rate  is  related  to 
aging  time  by  the  equation 

e  =  c't”"  (4) 

where  c'  is  a  constant  and  n  is  the  same  constant  appearing  in  Eq.  (3). 

Tbis  one  finds  that  the  incubation  strain  i  and  the  Incubation  time  are 
inveraely  proportional  to  each  other. 

The  aging  time  has  no  influence  on  the  length  of  the  time  interval 
during  which  rapid  deformation  occurs  nor  does  it  have  any  effect  on  the 
total  strain  which  occurs  wit'nin  tl:is  time  interval.  However,  both  the 
rapid  deformation  time  and  the  total  rapid  deformation  strain  are  functions 
of  stress  and  temperature.  It  was  found  tliat  the  relationship  between  rapid 
rtefoi-aatlcn  time  and  temperature  con  be  expressed  by  on  equation  of  the  type 
of  Eq.  (1)  in  which  the  activation  energy  ranges  from  12,400  to  17,000 
cnl/mole.  The  actual  value  of  the  activation  enercy  depends  on  stress. 

Its  value  extrapolated  to  zero  stress  is  24,400  cal/mole.  I| 
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The  explanation  of  the  incubation  creep  effect  obviously  vill  bs 
ccTiplex  since  several  procecses  are  Involved  in  the  phenomenon.  The  theory 
propoaed  by  van  2uron^  to  explcln  a  pomewhnt  aimilar  incubation  effect  in 
germanium  vill  n.-jt  vork  for  alpha  iron.  We  are  attempting  to  explain  bi'.e 
phenomenon  In  alpha  iron  in  the  following  manner.  We  aasuise  that  during 
the  aging  period  before  a  atroas  increment  is  applied,  carbon  atoao  diffuse 
to  dislocation  lines  arid  form  atmospheres  aoout  thorn.  After  a  stress  incre¬ 
ment  Is  rpplled  some  dislocation  eouroes  became  active  and  send  out  dislo¬ 
cation  loops.  Because  of  the  carbon  atmospheres  the  dislocations  are  not 
free  to  move  on  their  slip  planes  but  have  to  drag  an  atmo'>phcre  with  them. 
In  this  situation  the  deformation  rate  is  constant  but  it  is  slow.  This 
is  the  incubation  period.  As  a  dislocation  loop  expands,  its  length  in¬ 
creases  and  the  concentration  of  Its  atmosphere  per  length  of  dislocation 
line  decreases.  In  xime  the  dislocations  are  essentially  free  of  their 
carbon  atmosphores  and  the  dislocations  move  freely  on  the  slip  pianos, 

VJhen  this  situation  ocoora  the  elongation  rate  is  fast.  This  is  the  rapid 
deformation  region.  Finally  the  rate  slows  do\a-  as  a  result  of  such  mech¬ 
anisms  as  jog  formation,  dislocation  interaction,  etc. 
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B.  PeforTTotion  of  Metal  e  ajj  Hjeh  Ftretn  Rates 

J,  McCloud 

Ph.D.  Thesis  Research 

The  purpose  ci  this  project  Is  the  study  of  the  effect  of  high  strain 
rates  on  the  doformatlcn  of  metals.  High  strain  rates  will  be  obtained  by 
Impacting  samples  with  r.  projectile  fired  from  on  air  pm.  A  high  velocf  ty 
air  gun  has  been  doslgned  to  produce  projectile  velocities  up  to  50C  ft/cr.o. 
This  gun  is  now  being  constructed.  The  diameter  of  the  projectile  that  will 
bo  firsd  is  3/4  of  sn  inch  and  its  length  is  one  inch.  It  will  bo  accelerated 
down  a  barrel  14  feet  long  and  will  develop  an  energy  of  about  480  ft-lbc 
with  the  use  of  an  air  reservoir  of  90  psi  preraui-e.  A  schematic  dlegreia 
of  the  air  gun  is  shown  in  Fig,  3, 

Once  the  air  gun  is  completed  it  will  be  used  to  study  mechanical 
twinning  and  the  effect  of  high  strain  rates  on  the  stress-strain  curves 
of  metal  single  crystals. 

C.  ^^c^Ton  2£  Merwiry 

N.  Lalvanay 

K. S.  Thesis  Research 

Internal  friction  meaeurements  are  being  attempted  on  mercury  crystals. 
The  method  being  tried  first  requires  that  a  sampje  be  driven  by  a  quartis 
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piozoelectrio  crystal.  Up  to  now  wo  have  been  unsticcesaful  In  obtaining 
data.  Tho  roaaon  fcr  our  lack  of  success  is  the  difficulty  in  obtairinti 
a  good  adhenivo  to  bond  neciory  to  quartz.  "Te  have  had  sotno  success  in 
solvjjig  the  problem,  and  it  is  hoped  that  the  oifficulty  can  bo  overoomt'. 

If  not,  a  torsion  ptnlnlum  tochiiique,  which  docs  not  require  bonding  to  the 
mercury,  will  be  employed. 

D.  Low  Tmr.nerature  Creep  cf  iisrcrurv 

A.  Arko 

Ph.  D.  Thesis  Research 

Since  March  1,  1961,  this  project  Jias  been  supported  by  an  Air  Force 
Office  of  Scientific  Research  contract  which  became  effective  at  that  tiinc. 

The  prepress  made  on  the  project  prior  to  this  data  was,  partly  with 
University  funds,  the  construction  of  a  torsional  cresp  apparatus  suitable 
for  testing  metal,  specimens  at  temperatures  do"n  to  liquid  helium  temper¬ 
atures.  Un'^er  AFOGR  support,  measui’fcmants  are  jn  progress. 
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H.  Ray 
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ABSTRACT 

Thi3_ report  discusses:  1.  Attempts  to  synthesize  A, 
C(CHa)3Cj2Qa=Cn-CH=CH2,  and  B,  the  heterocyclic  coopcund, 


anil  II.  The  prejiaratlon  and  characterization  of  compounds 
trensltlon  metal  bonds. 

Compounds  involving  pure  double  bonds  to  elements  of  atomic 

manber  greater  than  eight  probably  are  haretofora  tmknown  but  ora  expected 
In  projects  A  and  B.  'dhile  compounds  containing  carbon-transition  metal 
aigma  bonds  are  relatively  few  and  unstable,  the  analogous  silicon-transition 
metal  compounds  may  be  stabilized  by  the  transfer  of  electronic  charge  fror 
the  metal  to  tne  vacant  ^  orbitals  of  silicon.  iJ.1  of  these  projects  are 
under  current  investigation  and  Inconplete.  Attempted  syntheses  and  results 
are  presented.  Finally,  future  plana  are  outlined. 

xiEirrmo  results 


Introduction: 


H 


containing  silioon- 


In  the  chemical  literature  there  are  nunerous  reports  of  unsuccessful 
attempts  to  prepare  coc^;>ounds  containing  pure  double  bonds  to 

elements  vfhich  ore  not  in  the  first  row  of  the  periodic  syattus.  Also,  in  the 
older  literature  several  claims  of  tho  proparatiou  of  these  compo’jnds 
speared  buu  have  not  been  substantiated.  Although  one  can  argue  that  the 
non-existence  of  pure  double  bonds  to  the  higher  row  elements  is 

either  due  to  large  bond  distance  accompanied  by  slight  overlap  of  adjacent 
£  orbitals  or  due  to  the' strength  of  sigaa  bonds  ccmiparod  with  one  slgjna 
ond  one  pi  bond,  there  ie  au  present  no  rigorous,  theoretical  justification 
for  cither  of  these  explanations.  Perhaps  tho  non-exlotonce  of  these  com¬ 
pounds  is  due  to  the  failure  to  work  \7ith  optiiaum  chemical  systems  and 
synthesis  routes. 
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In  this  reseETch,  tha  ^06=0^  linkage  \;as  cl;oaen  for  investigation 
in  view  of  the  similarity  of  tho  chemical  and  ph.ysical  properties  of 
carbon  and  rcrni:L*;ivin^  and  the  great  propensity  of  carbon  toi/ard  double 
bond  fcm-aticn.  in  fact,  garmcniun  resembles  carbon  more  than  silicon 
does  duo  to  tha  transition  metal  contraction^. 


The  following  synthesis  route  is  being  investigated: 
GeCU  +  2  (CHs'/sGigCl  -►  [(CH3)3C]20eCl2  +  2  ilgCla 


[(CH3)3C]aGaCla  +  CHa  =CU-CHaiIeCl  -*  C(CH3)3C]2GeCHa-CH=CH2  +  HgCla 


C(CIIa)3 


(CH3)3CGa-CH2-CH=CH2 

I  A 

Cl 


Cl 


4-  C{CH3)3C]2  Go  =  C:i-CK  =  CHa 


The  elimination  of  tha  elements  of  hydrogen  chloride  and  tha  formation 
of  tha  double  bond  in  the  last  reaction  should  be  facilitated  by  tho  highly 
branched  tertiary  butyl  groups,  by  the  electron  attracting  tendency  of  tha 
-hybridised  carbon  atoms  of  tha  allyl  group,  by  a  lovr  polarity  solvent, 
and  by  high  temperature.  Also,  tha  combination  of  bulky  groups  on 
germanivsn  and  a  hindered  base  mslte  substitution  on  the  germanium  by  the 
bass  unlikely.  Finally,  the  product  would  be  stabilised  by  conj'jgatlon  of 
double  bonds.  For  a  general  discussion  of  factors  which  favor  elimination 
over  substitution  rsactlono,  see  reference  2. 


ilcretoforo  no  t-butyl  derivative  of  gormnniian  has  been  reported.  In 
the  preparation^  of  t-butyl  derivatives  of  silicon,  the  second  t-butyl 
group  vns  substiti-.ted  with  difficulty.  Refluxing  t-tutyl-silicon 
trichloride  with  t-butyl  lithluu  for  fo'ur  days  guvo  a  small  yield  of 
di-t-butylsllloon  dlchloride.  Since  moloculer  nwdels  indicated  that 
di-t-butylgormeniuTa  diclilorido  Is  not  storlcally  hindered,  conditions  for  ' 
tha  alkylation  of  germanium  tetrachloride  with  t-butyLmagnesium  chlorido 
were  investigated. 

bxnerlTiental: 

In  a  preliminary  experiment  germanl’jm  tstrachlorlde  and  t-butylmagncelura 
chloride  v»ere  reacted  in  tlie  molar  ratio  of  1:2.  Tho  t-butyl  Grlgnard 
reagent  wee  prepared  according  to  tha  procedure  dsocrlbad  by  Gilman  and 
co-workers*,  and  tho  yield  was  estimated  by  titration  to  be  70  per  cent. 

Tho  reaction  mixture  was  hydrolyssd  with  caustic  soda  and  extracted  with 
hot  carbon  tetrachloride.  /Jtor  distilling  off  the  solvent,  the  residua 
was  digestad  \flth  concentrated  hydrochloric  acid,  extracted  with  petrcleun 
ether  anrl  fractionated  under  atmospheric  prossure  (746  mm).  ;.ftor  removal 
of  the  petroleum  ether,  the  next  fraction  dlstlllod  over  at  IbS^-lCb®. 
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This  matarlal  condensed  to  a  white  solid  mass  on  the  cooler  parts  of 
the  distillation  apparatus,  was  dissolved  in  petroleum  ether,  end 
recrystallized  by  slcrr  evaporation  of  the  solvent  under  raduced  pressure. 
The  crystalline  solf.d  analyzed  for  {CH3)3CQeCl3.  Fouid;  C  20.37; 

H  3.e6;  Cl  44.?.'+;  Calc:  C  2C.34;  H  3.34;  Cl  45.07.  Ho  dl-t-butyl 
germanium  compound  was  obtained  from  this  experiment. 

The  now  compound,  (CH3)  jCCeCla,  eri'.ibited  several  unexpected 
propei'tiea.  Unlike  other  knoira  alley Itrichlorogormnnes  includiiig  even 
those  of  hich  molecular  weight,  it  is  a  crystalline  solid  which  simply 
sublimes  at  room  temperat\iro.  It  does  not  fuma  in  moist  air  and  has 
only  a  faint  acrid  odcr. 

In  the  second  attempted  synthesis  of  dl-t->butyl  gsrmanlum  dlchlcride, 
n-butyl  athsr  was  employed  as  the  solvent  in  order  to  achieve  higher 
reflux  temperature,  and  germanium  tetrachloride  and  t-butyl  Grignard 
reagent  were  reacted  in  the  molar  ratio  of  1:6.  Fractionation  of  the 
reaction  products  yielded  a  small  ano'xat  of  distillate  (ca.2  K.;b.p.  90°* 
746  mm)  which  analyzed  as  [(CH3)3C33  G0CI2.  Found:  C  35.01;  H  6.29; 

Calc;  C  37.27;  H  7.04. 

The  formation  of  t-butyl  Grignard  was  apparently  slower  in  n-butyl 
ethtr  than  in  ethyl  ether.  So  In  another  run  t-ttttyl  was  prepared  using 
ethyl  ether  as  the  solvent,  and  the  next  step  of  the  synthesis,  l.e. 
reaction  with  germanixim  tetrachloride,  was  carried  out  in  n-butyl  ether 
The  reaction  mixture  was  evaporated  to  dryness  under  reduced  pressure, 
digested  with  caustic  soda  to  hydrolyze  urganoganoanium  halides  and 
finally  extracted  with  carbon  tetrachloride.  The  extract,  after  distilling 
off  solvent  uiidor  atmosplieric  pressure,  was  fractionated  tx/ice  under 
reduced  pressure  (9  tan) .  The  distillate,  collected  at  118®  -  120®,  was 
found  to  have  the  percentage  ocnpositlon,  C  45.66;  H  8.19»  »djicu  corresponds 
approximately  to  that  calculated  for  [C(CH3)3j2GeO,  (C, 47.39;  H,8.94). 

1 1  nr, pears  the*  bis-t-butylgermar.ium  oxide  exists  in  mox^  than  one 
mo'^If'ics.tion,  especially  since  compxcunds  of  this  type  tend  to  form 
cyclic  oligomers  easily,  .'.ttennts  are  now  being  made  to  prepare  this 
ccmpour.d  in  a  pure  state  ard  in  better  yield.  A  determinatlcn  of  molecular 
wcic'ut  and  other  studies  of  chomlcol  end  phj'sical  proper+ies  are  proposed. 

The  new  compound,  t-butylgermanolc  anhydride,  C(CH3)3CGs0]30,  was 
prepared  by  hydrolyzing  (CH3)aCGeCl3  :dth  caustic  soda,  extracting  with 
carbon  tetrachloride,  and  ev^orullng  the  oolvent.  An-jlvsle.  Found: 

C  30.75,  31.12;  H  5.35,  5.64;  Calc.  C  31.25;  K  5.86.  It  forms  a  :Aite 
crystalline  mass  melting  at  322  -  325°C.  U^lke  other  olkylgormanoic 
anhydrides,  it  is  insoluble  in  rmtsr  and  allcall. 

Several  unsuccessful  attempts  have  been  aade  to  alkylate  gemumlum 
tetrachloride  and  t-butylgnmanlua  trichloride  with  t-butyllithlum  which 
is  expected  to  facilitate  the  substitution  of  the  second  t-butyl  group 
because  of  less  steric  hindrance. 


In  sunanary,  (1)  the  new  compounds  {CH3)3CGeCl3,  [(CH3)3CGe0]20, 
[(CH3)3C]20eCl2,  [(CH3)3C]2GeO  were  prepared;  and  ^2)  the  reaction  of 
gtriranlum  tetrachloride  and  t-butylRBgnesi'um  chloride  in  ethyl  ether 
gave  (CH3)3CGeCl3  and  in  n-butyl  ether  gave  [(CH3)3Cj2GeCl2. 

3.  Attempted  Svnthesla  of 

II  I 

-yf- 

H 

Introduction; 

As  in  Part  A,  the  desired  compound  contains  the  ^Ge  =  CC  linkage. 
Two  preparative  routes  were  investigated; 


1)  HOOC-OH(OH)-CHa-COOH  - - ^  >HOOC-CH  =  CH-CHa-COOH 

"  ‘  l.LiAlHj 


2.SOCI3 
3.M8 

C1I^-CH2-CH  *  CH-CH^-CHa-^%Cl 
I  l.GeCle 

I  2.LiAlH4 


H 


4- 


'J 


'S. 

1.  2  N'bromosuccinimide 

2.  2  (CH3)3N 

3.  AgaO 


"fr* 
/  \. 


33  - 


1.  N-bromosucclnimide 


In  both  of  those  syntheses^  the  final  step  Involves  a  partially  unsatnrated 
reactant  forming  an  aromatic  compound  probably  with  considerable  resonance 
stabilization.  Analogous  reactions  In  organic  chemistry  are  extremely 
common. 


bxcerirrental ; 

Slrxe  the  unsaturated  dihalide,  to  be  used  as  the  starting  matorlcl  for 
tVio  firt;t  route,  is  not  ooramercially  available  or  even  doscrlbed  in  litera¬ 
ture,  It  was  necessary  to  evolve  some  method  to  synthesize  it.  One  of  the 
plausible  routes  is  o'Jtllned  below. 

(JH  CHi  I.IAIH4  CH  CHa  SOCla  OH  CH2 
HOCC  COOH  HO'CHs  CHaOH  ^ClHai  CHaCl 

Glutnconic  ncid 
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Several  aethoda  for  the  large-scale  preparation  of  glutaconic  acid  have  been 
described : 

1)  HCCC-CH2-^(0H)-C!!a-CC0H  HOOC-CHa-CC-CHa-COOH 

CCOH  Acetone-dlcarbojyllo  acid 

Citric  acid  Ha  -  Pt 

Glutaconic  acid  ^ -  H00C-CKa-CH(0H)-CHa-C00H 

P-Hydroxyglutarlc  acid 


2)  OTa-COOH 

CH(0II)-C00H 
Malic  acid 


SOa-cono.HaSO* 

- ^ 

Counolle  acid 


Ba(0H)2 

- )  Glutaconic  acid 

A 

Ref.  6 


3) 


(JHajCl 

CHaCl 


•KCN _ j 

In  aq.  nethanol 


CHaCN 

CHCr.H) 

CHaCN 


Eton-  V 

HaS04 


CHcCOOEt 

(!:h(oh) 

CHaCOCEt 


Ref.  7 


c-Dlchlorohydrln 


Dissolved  In  pvr'iii-’* 
and  treated  •- '  -i  SCoia 


ilex'.  8 

CHaCrOEt 

Glutaconic  acid  < - -  OH 

CHCOOEt 


4)  HCHC-CCOH 

Proplolic  acid 


Al>alt  netal  or  alkBllne_earth  ^  Glutaconic  acid 
metal  iQrdroxido  or  a  quatornaiy 
anmonliUB  hydroxlue  in  nitrogen 
atiEoaphere  (Norman  D.  Scott  to  E.  I.  DuPont  de 

Nemours  and  Co.t  D.S.  Patent  2| 218, 032) 


The  preparation  of  acetone-dioarborqrlie  acid  from  citric  acid  and  its 
catalytic  reduction  to  p-hydrojiyglutarlc  add  are  laborious  operations  uhon 
conducted  on  a  large  scale.  An  alternative  method  of  eiv'nthesls'’  which  startu 
with  ethyl  malorate  is  extremely  slow  with  a  small  yield.  The  synthesis 
starting  with  c-dlchlorohydrin  appears  to  bo  more  suitable. 

The  nitrile  aynthosis  has  been  carried  out  under  a  variety  of  conditions. 
To  a  boiling  solution  of  c-dlchlorohydrln  in  metlianol  under  reflux  an  aqueous 
solution  of  potassium  cyanide  was  added.  After  removing  the  precipitated 
potassium  chloride,  the  bx'own  filtrate  was  evaporated  ur.der  reduced  pressure 
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ub  40®  to  50“  to  yield  dleyanohydrln  as  a  brown  anorphoup  residue.  Under 
varied  conditions,  powiiered  potassium  cyariide  i<5is  added  to  a  refluxing  solu¬ 
tion  of  o-dichlorohjidrin  in  absolute  methanol  or  ethanol  in  order  to  obviat  i 
the  large  voIum  of  water  needed  to  dissolve  potassium  cycnJ.de  and  thorcly  tc' 
minimise  the  time  required  for  evaporatir^  the  reaction  mixture.  The  forma¬ 
tion  of  nitrile  was  smooth  under  all  these  conditions.  The  brown  rosiduo 
which  consisted  essentially  of  dicyanchydrln  was  used,  without  further  puri¬ 
fication,  for  the  preparation  of  l^ydro:qrglutaric  ester.  But  the  yield  of  the 
ester  was  consldorably  lower  toon  that  reported  ty  Drelfbss  and  Ingold  (loo, 
cit. ). 


An  unsucoeasful  attempt  was  made  to  convert  dleyanohydrin  into  glutaconic 
nold  according  to  the  method  described  ty  Morgeastam  and  Zerner^^.  The 
method  consisted  of  refluxing  dleyanohydrln  with  eaustlo  potash  and  isolating 
glutaconic  acid  as  its  copper  salt. 

Although  coumallo  acid  was  aynthealsad  In  fairly  good  yield  from  mallo 
acld^^,  its  conversion  into  glutaconic  acid  according  to  tha  mothod  described 
by  Fechuann*  and  alao  with  some  variations,  was  not  at  oil  satisfactory.  The 
procedure  yielded  a  small  amount  of  light  yallcv  oclid  which  melted  around 
142“  Lef*w.p.  of  giutaconlo  acid,  132®-134“  (Pechmaim)}  138®  (Diotlonerv  of 
QTggai<?  Comnounds. )  1 

Sinoe  no  suitable  method  could  be  evolved  for  tha  aynthesls  of  CICIIqCH  ^ 
CHCHsCHaCl,  it  was  decided  to  synthesise  tha  saturated  beteroeyelle  compoiud 
of  germanium,  pentamsthylanegermanlum  dlohloride  and  then  Introduce  double 
bonds  into  the  ring. 

Schwarts  "ud  Reinhardt^  reactsd  germanium  tetrachloride  with  the  double 
Grignard  reagent  prepared  from  1, 5-dlbromopentana  and  fractionated  the  reao- 
tlon  mixture,  after  reno'.’sl  of  the  solvent,  luidar  12  nmi  pressure.  The  fraction 
diatlUing  in  tlie  rango  55®-60®  was  found  to  be  ^e  abovo  ment-toned  hetero¬ 
cyclic  comfwund.  The  two  fractions  boiling  in  the  ranges  70°-100®  and  100°- 

were  not  chari-cterized. 

We  attempted  the  above  aynthesls  using  1,5-d.ichloropentaDe.  The  twc'-phase 
Grignard  reagont  was  slowly  added  with  atlrring  to  germanium  tetrachloride, 
ths  reaction  flaak  being  oooled  In  loe;  the  mixture  vsa  eookod  on  a  stnom-bntli, 
and  the  preolpitated  magnesium  chloride  was  filtered  off.  After  rcmovlrg  vhe 
solvent,  the  residual  liquid  was  fractionated  under  12  mm  preoewe.  No  c.is- 
tillate  was  obtained  in  the  reported  tea^rature  range  55®-^.  Instead,  a 
small  amount  of  liquid  distilled  over  at  71®-76^. 

In  a  different  run,  several  fractions  were  eollcetcd.  The  temperature 
ranges  in  which  they  distilled  over  and  their  analyses  are  tabluated  bolow. 
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Fractions 

Pistillad  at 
(12  mat) 

Carbon 

Analysis 

Hydrogan 

Chlorine 

I 

70® 

33.84 

5.63 

28.26 

Zt.lb 

28.53 

23.23 

II 

94‘>-96« 

56.00 

8.50 

7.88 

7.69 

7.69 

8.00 

III 

104“-115® 

46.84 

7.36 

15.13 

15.11 

15.04 

15.04 

Nona  of  the  sats  of  analytical  data  check  veil  with  the  expected  hetero> 
cyclic  coiQMund  vdilcb  should  have  the  percentage  composition,  C  28.12; 

H  4.72;  Cl  33.24. 

Attempts  are  now  being  made  to  achieve  a  more  clear-cut  fractionation 
of  the  reaction  mixture  in  order  to  Isolate  the  dlchloroheterocyolic  compound 
in  pure  state  and  to  characterise  the  other  products. 


B.  Preparation  and  Characterization  ^  Compounds  Containing  Silicon- 
Transition  Hetal  Bonds 

Jptr(?dn9^t9n; 

The  ultimate  goal  of  this  project  is  the  preparation  of  polymers  of  the 

type,T  ^l-Mf  .  At  present  there  are  only  a  few  easm^es  of  silicon-transition 
^  A  ''x 

metal  bonds  and  all  exist  in  mixed  carbonrl-eyclopentadienyl  complex,  for 
example,  CsNsFe(C0)3Si(CHs)8.  Revlevs*®'^*  of  organometalllo  chemliJtry 
discuss  the  relative  scarcity  of  eonpounds  containing  simple,  sigma  carbon- 
transition  metal  bonds.  From  the  array  of  previously  report^  carbon-transi¬ 
tion  metal  compounds  and  from  considerations  of  molecular  orbital  theory,^* 
one  can  conclude  that  the  stability  of  sigma  bonds  between  transition  mstals 
and  carbon  or  silicon  is  increased  by  t)ie  addition  of  appropriate  ligands  to 
the  metal,  is  greater  for  metals  with  large  numbers  of  ^-olcctrons,  ai;d  is 
greater  for  metals  of  the  second  and  third  transition  sarlas  than  for  eleiaents 
of  the  first  series. 
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la  vlav  ol  the  iDatafailil7  of  the  alkyl  and  aryl  coiqxjunds  of  the 
transltloa  metals,  polymers  of  the  type,  probably  will  bo  unstable. 


However,  analagous  polymers  of  silicon  may  bo  stabLo  and  eadilbit  interesting, 
useful  properties  for  tlie  following  reason:  Silicon,  unlike  carbon,  has 
vacant  ^-orbitals  available  for  bond  forsation.  Thus  there  exists  the  possi¬ 
bility  of  stablllMtlon  due  to  the  formation  of  a  double  bond  due  to  donation 
of  elect^ona  from  filled  orbitals  of  tbs  metal  to  empty  ^-orbitals  of  silicon. 


Before  attempting  the  preparation  of  polymers,  it  was  decided  to  prepare 
and  charaotarlae  a  simple  transition  metal-alllcon  coopcund.  In  view  of  the 
above  generalisations,  the  compound  chosen  for  investigation  was  cis-bls-tri- 
etfaylphosphlna-bla-trlphenylsiiyl-platinum  (II).  The  following  reactions 
wers  csrrled  out: 


1.  PBra  +  3CH3CH2H8Br 


^  P(CH^C3l3)3  +  3>tBr2 


2.  KaPtCU  +  2P(CH3CHa)3 - >  2KC1  +  [(CH8CH2)3P]3PtCl2 

3.  £(CH3CHa)3p]aPtCla  +  2(C6H5)8SlLi— ^  £(CH3CHa)3P]2Pt[Sl(C6H5)3]3 


E2n?trAapn^3i« 

Preparation  of  trlethylphosphlne:  A  solution  of  ethylmagnsslum  bromide 
vms  prepared  in  90^  ^eld  from  the  reaction  of  4S.6  g.  (2  g.  at«ms)  magnesium 
with  218  g.  (2  moles;  ethyl  hroadde  in  500  als.  of  ethyl  ether.  The  Grlgnard 
solution  was  cooled  to  O^C.  Sixty  grams  (0.22  mole)  phosphorus  tribromide 
dissolved  in  200  mis.  eth^'l  ether  was  added  dropwise  over  a  two-hour  period 
to  the  cooled  and  stirred  Grlgnard  sclutlun.  The  reaction  mixture  was  re¬ 
fluxed  for  two  houre.  Seventy  grains  of  dipheiyl  ether,  b.p.  259°C,  was  added, 
the  reaction  mixture  was  heated,  and  trlethylphcsidiine  and  ethyl  ether  were 
distilled,  leaving  a  tiurry  of  magnesium  bromide  in  the  diphenyl  ether.  After 
redlstlUation,  the  yield  of  trlethylphosphlne,  b.p.  126-127°C,  was  90!K. 

Preparation  of  cls-bis-trlphenvlphosphlne  platinum  dlohlorlde:  To  a 
solution  of  4.15  g.  (0.01  mole)  of  KaPtCli  in  50  ml.  of  water,  2.4  g.  of 
trlethylphoephlne  was  added  with  stirring.  A  red-brown  precipitate  of 
Pt[(CHaCH3)aP]4PtCl4  formed  and  was  converted  to  the  monomer, 
[(CKsCK3)8Pj3PtCla,  by  heaticg  at  lOO^C  for  10  mlnutea.  The  laqxire  product 
ves  washed  with  water,  dried  at  105'’C  for  24  hours,  extracted  with  ethyl 
ether  to  remove  the  trans  product,  and  recryatallised  from  ethanol.  The  yield 
of  £ls-J2|L£-trlethylphoaphlneplatlnum  dichlorlde,  m.p.  189«>C  (reported  191®C), 
was  45!?. 


Reaction  of  ois-ble-triethylphoeDhlpeplatinum  dichlorlda  with  trlpheryl- 
sllyl  lithium:  Fifteen  grams  of  hexapheryldlsUane  and  3  g.  of  lithium  wire 
cut  Into  small  places  were  mixed*  Twenty-five  els.  of  tetrahydrofumn, 
previously  distlUad  froa  lithium  aluminum  hydrlda,  was  added  and  the  result¬ 
ing  paste  stirred  for  1C  mimtes.  An  adJltlonsl  ISO  ml.  of  tetrahydrofuran 
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was  added  dropAiri.se  and  stirring  continued  for  16  hours.  The  yield  of  trl- 
phenylsilyl  lithitim  was  estimated  to  be  almost  lOOjj  by  titration  to  a  methyl 
oran^’e  endpoint  of  aliquots  with  hydrochloric  acid. 

Pnrt  of  the  solution  of  tripheryl.silyl  lithium  (36.1  ml,  0.023  moles) 
was  cooled  to  0°C.  Then  200  lal.  of  the  solution  of  dry  tetrehydrofuran  and 
0.502  g.  of  [(CHsCHsjsPlsPtCla  were  added  di'.rlrg  a  one-hour  period.  The 
solution  was  stirred  at  room  temperature  for  one  hour  with  no  apparent  change. 
After  removal  of  the  solvent  by  vacmim  distillation,  a  brovm  amorphous  solid 
remained. 

Extraction  of  the  solid  realdue  with  dry  ethyl  ether  gave  a  tan  solution. 
After  tho  addition  of  n-hexene  and  the  reooAWd  of  most  of  the  ether,  a  tan, 
amorphoAis  precipitate  formed.  Qualitative  testa  demonstrated  the  presence  of 
both  platinum  aiAd  silicon  in  the  tan  precipitate.  Extraction  of  the  above 
reaction  mixtAire  with  benzene  led  to  a  brown  solid  which  did  not  give  the 
correct  carbon  and  liydrogen  analysis  for  the  desired  product.  Attempted  separ¬ 
ations  ty  column  chromatography  led  to  a  pasty  yellow  solid  which  could  not 
be  recryatallized.  The  solid  from  the  react,  on  mixture  did  not  sublime  at 
low  temperatures  and  decos^sosed  at  high  temperatures.  Efforts  are  being  con¬ 
tinued  to  purify  the  product  of  the  above  reaction  ty  recrystallization. 

Future  Plans 

Research  in  tha  previously  dlacussed  projects  will  continue.  If  the 
sequence  of  reactions  on  page  31  can  be  comnlet.ed,  several  chemical  and 
physical  properties  of  L(CHs)3C38Gaf=CH-CH=CH2  Arilll  be  investigated.  Of  par¬ 
ticular  interest  Ari.ll  be  the  possibility  of  free  radical  polymerization  and 
the  properties  of  the  new  type  of  polymer^vhlch  Aiould  result.  Additional 
reactions  and  cleavage  reactions  of  the  ^G«=C’C  linkage  Arith  several  reagents 
will  be  studied.  The  preparative  route,  outlined  at  the  top  of  page  H  , 
will  be  continued  in  the  synthesis  of  an  aromtlc  compound  of  gerii.anium.  A 
comparison  of  the  electrcnle  spectra,  force  constants  of  and  tGo-H 

bonc.s,  polar.l.zability  and  aromatic  clmracter  of 


are  planned.  Before  attempting  the  preparation  of  polymers  containing 
sill  con- transition  motel  bonds.  It  is  desirable  to  obtain  more  Information 
about  the  reactivity  of  simple  transition  metal-silicon  compounds.  Accord¬ 
ingly,  efforts  will  continue  to  I»Aolate  crystalline  L(CH3Cn3)3P]2PtLSl(CoH5)3]3. 
Also,  in  view  of  the  stability  of  the  product  of  the  simple  reaction,® 

NaMn(C0)8  +  CH3I  — »  CHsMnCCOjs  +  Nal,  the  corresponding  reaction, 

NaMn(C0)8  +  (CH3)3S1I  - ^  (CH3)3SlKn(C0)5  +  Hal  will  be  Investigated. 
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A.  Tra  i'^port  Pr'~  '  't-ica  rnd  the  Faraday  Effect  in  Semicondxictors 

J.  K.  ^-ardyna 

Posta  ioral  Research  Associate 

Previous  ai*J.yses,  based  on  simple  semiconductor  models,  showed 
that  measui’ements  of  the  Faraday  rotation  end  elliptlcity  in  semi¬ 
conductors  can  be  used  to  determine  the  conductivity,  mobility,  static 
dielectric  constant,  effac*ive  mass,  and  the  ca^.llsion  time.  Ue  have 
carried  out  a  more  sophisticated  analysis  of  he  problem,  based  on  the 
Boltzmann  transport  equation.  Our  results  indicate  that  the  assump- 
tiona  made  in  the  eorller  models  are  over  simplified,  especially  as 
regards  Faraday  elliptlcity.  The  latter  phenctaenon,  apart  from  its 
dependence  on  the  parameters  enmerated  above,  Is  a  strong  fimction 
of  the  scattering  mechanism  and  of  the  carrier  distribution  function. 

For  example,  it  Is  found  that  when  the  collision  frequency  exceeds 
both  the  cyclotron  and  the  applied  ^reqqon^s,  elliptlcity  is  a 
strong  function  of  the  quantity  <(c)>  ,  where  t  is  the 

energy  dependent  relaxation  time,  and  the  angular  brackets  denote 
averages  talcen  *rith  an  appropriate  distribution  function.  This 
quantity  is  rather  sensitive  to  the  type  of  scattering  mechanism, 
its  value  ranging  from  1.50  for  ideal  lattice  scattering  to  3.05  for 
ionized  impurity  scattering,  as  contrasted  with  the  value  unity 
predicted  by  the  conatant  x  approximation,  When  either  the  cyclotron 
or  the  applied  frequency  exceeds  t'ae  collision  frequency,  Farc.fcy 
cllipticit/  measures  directly  the  quantity  rather  than  .  It 

is  also  observed  that  elliptlcity  con  display  a  sign  change,  i.e., 
a  reversal  in  the  sense  of  polarization,  as  the  applied  frequency  is 
varied.  This  feattare  is  attractive  to  the  experimentalist,  since 
tno  condition  for  the  sign  reversal  Involves  fw  parameters  and  can 
be  determined  with  higii  jirecislon.  The  preceding  analysis  indicates 
that  Faraday  elliptlcity  can  become  a  powerful  tool  in  the  li;vostl- 
gation  of  these  aspects  of  the  transport  process. 
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Soae  of  the  above  results  have  been  presented  at  the  1961  Sprinp 
nesting  of  the  i'aieriosn  Riysical  Socioty^  and  a  papar  has  been  sub- 
citteJ  to  tl-.a  Physical  Rev1e\;^.  V.'a  are  presently  extending  the 
cnalysi's  to  specific  cases,  such  as  wsrped  surfaces  of  constant  energy 
and  anisotropic  relaxation  tines. 

B.  PrccuencY  DaDeiiden'~e  of  Constitutive  raraaeters  in  Semicondnctors 

i;.  Chv’raan 

11. S.  Thesis  Research 

The  slaple  model  of  semiconductor  behavior  at  microwave  fre¬ 
quencies  can  be  iiscd  to  predict  how  the  dielectric  constant  and 
conductivity  should  vary  as  a  function  of  frequency.  This  aspect 
of  the  model  has  never  been  experimentally  evaluated.  It  is  the 
object  of  this  investigation  to  neasxare  these  ptirometors  at  3»  1.25, 
0.9,  and  0.3  cm  wavelengths.  A  preliminary  step  Is  the  Investigation 
of  two  new  techniques  for  determining  the  loss  tangent.  An  interface 
reflection  method  for  use  with  lossy  and 'or  thick  eumples  has  been 
studied.  The  principal  feature  is  that  ths  conductivity  or  thlckneaa 
is  sufficiently  great  so  that  there  are  no  multiple  reflections.  This 
method  ia  most  \weful  for  lossy  materials.  A  more  precise  method, 
employing  the  Deschamp  analysis  of  two  port  Junctions,  requires  a 
sample  sufficiently  thin  to  pemit  significant  transmission.  The 
sample  completely  fills  the  waveguide  and  is  terminated  by  an  adjust¬ 
able  short  circuit.  From  an  analysis  of  the  reflections  from  the 
sample  as  a  function  of  the  position  cf  the  sJiort  circuit,  the  con¬ 
stitutive  parameters  can  be  detormined. 

Measurmenta  have  been  made  on  thin  samples  by  the  Doachomp 
method.  Samples  of  heavily  doped  germaniua  were  prepared  with  a 
thickness  of  5-10  mils  end  moosured  at  3  cm  wavelongth.  The  re¬ 
sults  agroed  reasonably  well  with  oatlaatcs  of  conductivity  and 
dieloctric  constant. 

The  p'Oitent  program  Includes  a  further  evaluation  of  the  two 
r.othods  end  moasuramonte  at  wevolengtha  well  into  the  millimeter 
range. 
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D.  Miller 

Ph.  D.  TLeala  Research  '  { 

The  purpose  nf  thia  work  Is  the  lavestlgation  of  certain  magnetic 
material?  ^ferrites  and  aupor-paremagnetic  materials)  hj  observation  of 
*h0  transmission  end  standing  ’.-fave  pattern  of  a  coaxial  line  completely 
filled  with  tho  material  under  investigation.  The  attenuation  of  the 
material  and  the  wavelength  of  the  nave  propagating  in  tho  coaxial 
line  will  be  measured  as  functions  of  frecnency,  static  magnetic 
field  intensity,  and  temperature.  The  observations  will  be  related 
to  the  properties  of  the  materiala.  In  the  case  of  ferrites,  the  coo- 
ponents  of  the  permeability  tensor  can  be  obtained.  For  super- 
paramagnetic  materials,  the  complex  susceptibility  will  be  found. 

The  experimental  investigations  are  cunrled  out  by  placing  a 
long  sample  of  the  material  i^ide  a  coaxial  line.  The  coaxial  line 
is  placed  in  a  solenoid  in  order  to  provide  a  strtic  magnetic  field 
along  the  axis  of  the  transmission  line.  The  t^ectric  field  is  probed 
through  a  longitudinal  slot  in  the  wall  of  the  coaxial  line  in  the 
vicinity  of  the  oscple.  A  recording  is  made  of  the  etanding  irave 
pattern.  Trantuuisaion  neasiiraments  are  also  made.  The  frequency  la 
varied  in  the  range  of  from  500  to  2000  mes,  and  the  static  magnetic 
field  is  varied  from  0  to  1000  gauae. 

The  first  i^iase  of  the  Investigations  on  ferrites  has  been 
completed.  A  digital  cemputer  solution  of  the  boundary  value  prob¬ 
lem  has  bean  carried  out  and  preliminary  measuroamnnts  have  been 
started.  To  extend  ths  study  to  higher  frequencies  it  has  bsen 
necessary  to  design  and  construct  a  new  slotted  line  of  much  smaller 
diameter.  This  instrument  has  been  completed  and  is  undergoing 
further  tests. 

The  second  area,  s  udies  of  super  parcmagnetlc  materials,  la 
presently  under  way  and  some  isreiimlnary  results  can  be  reported.  A 
nickel-nickel  oxide  material  iris  placed  in  a  9/1')  inch  coaxial  line 
and  tho  standing  wavs  potterr.  was  meas'dred  at  frequencies  of  1200  to 
2CXX)  mes  In  statlo  magnetic  fields  of  from  0  to  1000  gauss.  The 
differential  complex  susceptibility,  g  factor,  and  low  f^squsnoy  spin 
resoosnes  wars  observed. 

Ths  present  program  includes  an  extension  of  thsas  studies  to 
higher  frsquancles  and  various  tamporatures. 
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A.  gptBYlffr  at  gratiBaa 

It  has  been  known  for  a  long  tine  that  morphological  heterogeneity 
in  general  enhances  greatly  the  impact  strength  of  polymer  systens^. 

Until  now  this  phencaenon  has  been  attributed  to  the  presence  of  a 
discontinuous  phase  of  soft  (rubbery)  polymer  Imbedded  in  a  continuous 
matrix  of  hard  (glassy)  polyiur. 

A  quantitative  viscoelastic  analysis  of  an  ideallsei  model  corresponding 
to  this  morphology  has  been  carried  out.  Th*  essential  simplifications  of 
this  model  consist  of  the  assumptions  that  t*'ti  rubbery  component  is  dls» 
tributsd  in  the  form  of  spheres  of  equal  sise  and  that  its  moduli  are 
much  Bailer  than  those  of  the  glassy  component.  The  only  other  assumption 
laada  is  that  the  changes  1;.  the  stress  field  in  the  iamediate  vicinity  of 
any  one  sphere  which  are  caiusd  by  all  the  other  spheres  could  be  replaced 
by  an  equivalent  average  sph  .rically  syarntrical  distribution.  The  results 
of  the  analysis  showed  that  Uis  impact  strength  of  such  a  system  actually 
shculd  be  leas  than  that  of  thr  homogeneous  glassy  component  alone  unless 
the  amount  of  rubbery  phase  were  so  large  that  buckling  of  the  glassy 
pertltiona  separating  the  rubbery  spheres  oould  occur  before  the  ultimate 
strength  of  the  glassy  oocqMnent  were  reached.  For  typical  polymerle 
systems  this  would  require  an  amount  of  rubbery  component  In  excess  of 
W  by  volume. 

Siuoe  the  literature  shows  many  instances  in  which  high  l^>aot  strength 
heterogeneous  polymers  have  been  produced  with  as  little  as  3C%  by  volvme 
of  soft  oomponeat,  it  is  necessary  to  postulate  a  different  morpiiology. 

In  some  oases  lack  of  randomness  in  the  distribution  of  phases  may  be 
responsible  for  the  unexpected  high  impact  strength.  However  investigation 
by  phase  oontrast  mlorosoopy, as  well  as  other  evidence,  suggests  that  la 
many  oases  the  high  Impaot  strength  polymers  consist  of  a  disoontlnuous 
hard  phase  dispersed  la  a  oontiauoue  soft  matrix  which  acts  as  a  binder. 

This  alternative  model  has  also  been  axudysed  quantitatively,  with  results 
in  excellent  agreesMnt  with  the  experimental  observations  reported  in  the 
literature.  It  has  been  shown  that  such  a  morphology  is  capable  of  giving 
the  relatively  high  moduli  observed.  It  has  also  been  shown  that  suoh  a 
Dogrpbology  would  give  a  stress-strain  diagram  similar  in  shape  to  that  of 
ductile  metals  with  pronounced  yield  points.  Such  stress-strain  diagrams 
are  actually  observed  with  many  high  impact  strength  heterogeneous  polymers. 
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In  the  case  of  classically  elastic  natei'ials,  it  has  been  found  that 
the  dynamic  behavior  (high  speed  vibrations,  impact,  etc.)  muy  be 
affected  significantly  by  the  coupling  between  elastic  response  and  lieat 
transfer®.  There  is  nothing  at  all  in  the  literature  on  the  corresponding 
effect  for  viscoelastic  materials,  oven  though  4  priori  it  would  be 
expected  that  such  a  coupling  would  bo  parcicolarly  important,  for  instance, 
for  rnbber-liko  high  polymers.  The  reason  fcr  this  gap  in  the  literature 
aviti.ertly  is  the  oxtreno  ccmploxity  of  the  nroblem.  Dynamic  problems  are 
quite  cooplex  in  the  case  of  viscoelastic  materials  even  under  isothermal 
conditions^.  The  introduction  of  tenperatura  non-uniformity  presents 
frightful  difficulties  even  when  the  tanperature  distribution  is  proscribed 
independently  of  the  stress  distribution^.  It  is  clear,  therefore,  that 
the  problem  of  transient  stresses  in  viscoelastic  materials  vdien  ths 
temperature  distribution  is  coupled  with  the  variation  In  stresses  is  one 
of  the  greatest  magnitude. 

So  far,  as  part  of  this  program,  this  problem  has  bean  formulated  in 
two  alternative  manners,  one  involving  a  system  of  four  simultaneous  non¬ 
linear  partial  differential  equations,  another  involving  an  Integro- 
differantial  equation  of  Volterra'a  second  kind  coupled  with  three  partial 
diffarentlal  equations.  Efforts  are  being  made  to  reduce  either  one  of 
these  systems  of  equations  to  a  form  suitable  for  numerical  solution  by 
steans  of  a  digital  electronic  computer. 

These  researches  will  be  terminated  since  the  principal  investigator 
baa  loft  for  the  Ford  Motor  Research  Laboratory. 
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ABSTRACT 

The  materials  trls  (2,  2*  -  blpyridlne)  metal  (II)  bromides, 
[M(blpy)3]Bra,  where  M  =  Mn,  Fe,  Co,  Ml,  Cu  or  Zn,  have  been  prepared 
and  characterised  by  analysis.  Their  thermal  stabilities  towirds  the 
loss  of  one  or  two  2,  2^  -  bipyridine  groups  wore  determined  by 
measurements  of  weight  loss  as  a  function  of  temperatic'e.  This  was 
done  by  using  a  thermogrevimetric  balance.  It  has  not  yot  boon  possible 
to  obtain  sufficiently  good  data  to  permit  r-  liable  estimates  of  rate 
constants  and  activation  energies  for  these  processes. 

lOTRODUCTION 

The  primary  purpose  of  this  research  is  to  investigate  the  thermal 
atabllity  and  solid  state  reactions  of  metal  complexes.  These  materials 
contt  'n  a  central  metal  atom  or  ion  surrounded  by  a  cluster  of  ions  of 
molecules.  It  is  characteristic  of  the  complex  that  it  retains  its 
identity  even  in  sclutlon,  except  for  possibly  some  dissociation.  The 
complex  may  be  an  anion,  non-ionic  or  a  cation  depending  on  the  charges 
carried  by  the  central  atom  end  the  coordinated  groups.  These  groups 
are  called  ligands,  and  the  total  number  of  attachmonts  to  the  central 
atom  is  called  coordination  number.  For  example  the  compound  KatPtCl,^] 
contains  chloro  ligands  end  the  platinum(lV)  is  said  to  have  a  coordination 
number  of  six.  A  non-ionic  complex  may  be  illustrated  by  [Cc(Hll3)3(KQ3)3] 
and  a  cationic  one  bj-  [ililKHaClIsCHallHanisOa. 

The  reaction  processes  of  these  raeterlals  in  solution  have  been 
investigated  in  some  detail  (Basolo  and  Peerson,  ilechanicma  oj  Irorwnic 
Reactions.  Jehn  '/iloy  and  Sons,  Hew  York,  1958).  However  very  little  is 
known  about  their  reactions  in  the  solid  state.  Yet  reactions  of  this 
type  are  known  to  occur  and  it  is  desirable  to  learn  more  about  them. 

The  reason  that  no  such  systematic  studies  on  these  materials  have  been 
made  previously  is  perhaps  due  to  the  many  difficulties  encountered  with 
quantitative  investigations  of  reactions  in  the  solid  state.  Now  :rith 
the  availability  of  thermogrevimetric  and  differential  thermal  analysis 
techniques,  it  should  bs  possibls  to  obtain  some  useful  Information  on 
certain  of  these  aysteos. 

The  results  of  this  research  should  Increase  our  knowledge  of  how 
metal  complexes  react  in  tha  solid  state.  It  \riil  provide  information 
as  to  tha  thermal  atabllity  of  these  materials  and  may  help  us  design 
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c)[Zn(Upy)jBrf4H,0 
HtoHng  ralt  3Vinln. 


other  methodo  of  synthesis  of  loioim  or  of  ne\<r  coiipoinids.  It  is  also 
hoped  that  v/hat  wa  learn  will  apply  in  a  more  fundamental  way  to  solid 
state  raactlons  in  ('enoral. 
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The  specific  reactions  -jnder  investigation  are 

CM(blpy)3]  Xa  .  '^^py  CK(bipy)2  Xg]  - -> 

where  M{1I)  =  fli'st  row  transition  metals,  X“  =  Cl“,  Br“  and  l”,  and 
bipy  =  2,2^  -  bipyridina.  Lower  complexes  of  Iron(II)  had  been  prepared 
previously  by  this  thermal  dissociation  process  (Bfusolo  and  Dwyer, 

J.  im.  Chem.  Soc«  2^,  14-54  (1954)).  The  propross  of  these  reactions  is 
followed  by  means  of  a  thermogravimetric  balance  which  records  weight 
loss  versixs  time  and  temperature.  The  purpose  of  this  study  is  to 
determine  the  rates  and  activation  energies  for  the  reactions  as  a 
function  of  H(II)  and  of  X“.  From  a  consideration  of  the  crystal-field 
theory  as  applied  to  metal  complexes,  it  lb  believed  that  the  ai.clvatlon 
energies  for  dissociation  will  show  minima  .  i  Mn(II)  and  Zn(Il)  as  one 
goes  from  V(II)  throu^  Zn(n)  across  the  first  transition  series.  Thera 
is  also  some  qualitative  e^dence  that  for  the  same  H(II)  the  thermal 
etabillty  id.ll  Increaae  in  the  order  Cl“  <  3r"  <  1".  These  are  the  best 
guesses  as  to  what  is  expected  to  htq^pen,  so  it  is  with  these  vietrs  in 
mind  that  e:q>erimantal  data  are  being  collected  to  determine  vdiether  or 
not  one  finds  agreement  with  current  theories. 

The  follo\>ing  description  of  the  experimental  vnrk  done  to  date 
covers  1)  the  preparation  of  materials,  2)  determination  of  thermograms 
and  characterization  of  thermal  product^  3)  treatment  of  data,  and  4) 
present  status. 

preparation  of  materials 

Ihe  compounds  used  in  this  investigation  are  known  materials  and 
were  'reparod  by  methods  described  in  the  literature.  Analyses  are 
given  in  Table  I  •  .>d  a  brief  dlscription  of  the  methods  of  synthesis 
follows. 


('tja(biPv)alEfrn.  This  compound  was  prepared  by  a  method  reported  in 
the  literature  (Burstall  and  ^^nlm,  £.  Chem.  ,  3570  ( 1952) ) . 

r Fe(  bipv)  This  com^und  was  prepared  by  a  modification 

of  the  method  given  for  [Fe(bipy;3](C104}a  by  Burstall  and  I^olm,  £. 
Chem.  5fl£.,  3570  (1952)). 

f Co(  bitxv)  alByag.5](g9.  This  compoijnd  \«s  prepared  by  a  modlficatlur 
of  the  method  given  for  [Co(blpy)s](C104)s  by  Burstall  and  I!yholm  (loc. 


h 


X 

-44 


48 


rKl(bitr>^ yfl3r»>5HrO.  The  compound  was  prepared  according  to  the 
mothod  of  Buratall  and  l^yholm  (i^.  jjit).  The  elementaJ.  enalysla 
of  the  product  correoponde  to  [Ki(bipy)  sJBra .SlfeO  Instead  of  the 
[  reported  [lIi(bipy)3]Br2.6HeO. 

[pu(blTnM  alSra.^^g.  This  compound  was  prepared  by  a  modification 
of  the  method  given  for  CCu(bipy)a]S04.7H30  la  the  literature  (Z.  Anorg. 
Allcen.  Chem..  227.  278,  (1938)). 

[Zn(blPY) .•’■l3ra.4HgO.  The  compound  has  been  prepared  by  a 
modification  of  the  method  given  for  [Zn(bipy)s]S04.7IIa0  in  the 
literature  (J.  Anorg.  Allgem.  Chcm..  227.  278,  (1938)). 


ANALYSIS  OP  THE  THIS  {2,2'-BIPYKIDINE)j2rAL(ll)  BROCIIES 
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[Mn(bipy)3]ara 

52.4 

3.52 

12.4 

52.^' 

.3.33 

12.4 

C  Pa  ( blps")  &]  3ra .  5HaO 

46.6 

4.4 

10.8 

46.5 

’4.6 

10.9 

[Co(blpy)3]Dra.2.5HaO 

49.2 

3.96 

11.4 

49.4 

4.14 

11.24 

rNl(bipy)  alBra.SIIaO 

46.5 

4.38 

CO 

d 

46.3 

4.50 

11.0 

CCu(  bipy)  a]  Bra  •  ‘IsO 

50.6 

3.66 

11.8 

50.3 

3.58 

12.1 

C  Zn( bipy) a] Bra • 4HaO 

47.2 

4.13 

10.9 

47.3 

4.30 

10.9 

DETERMINATION  OP  THERMOGRAMS  /J©  CHi’JRACTnaZATIOM  OP  THERMAL  rRODDCTS 

The  thermogravlme*  ric  balance  used  for  these  determinations  is  an 
instrument  manufactured  by  the  American  Instnaent  Company.  It  consists 
of  a  spring  balance  with  a  transducer  assembly,  a  glass  suspension  rol 
and  crucible  holder.  The  crucible  holder  is  housed  in  a  furnace  tube. 
For  the  present  investigation  a  heating  rate  of  3®0/nln  has  boon  used. 
Sample  thermograms  are  shown  in  Pig.  1.  Data  collected  on  these  systoms 
are  summarised  in  Table  II  and  analyses  of  the  thermal  products  are 
given  in  Table  III  .  Gpecifio  remarka  on  entries  in  Table  II  follow. 

[iLn(blpy)sj3ra.  !)ith  a  finely  powdered  sample,  the  thermogram 
consists  of  2  steps  with  a  weight  loss  ratio  for  step  1;  step  2  of  ^ 
0.9>1.  A  coarsely  powdered  sample  reduces  the  ratio  to  0.6:1.  This 
behavior  shows  the  pronounced  effect  of  particle  else.  A  part  of  the 
sample  above  a  minimia  particle  else  appears  to  escape  dissociation  In 
Its  correct  temparaturs  range.  The  theoretical  ratio  ft  1«1  could 
probably  be  attained  with  more  effective  grinding.  I  I 


rFe(blpy)  alBra  ‘AHaO.  Th«  thonncgran  (Fig.  la)  Indicates  e  prellin?.- 
nary  partial  elimination  of  H2O,  followed  ty  the  naln  break.  The  slcnl- 
ficance  of  the  two  inflections  on  the  main  break  la  not  yet  clear.  The 
final  product  lo  [F6(bipy)3Br2. 

rCo(bitiy)3lBrg*2.5  HaO.  'j'he  themogram  (Fig.  lb)  indicates  a  • 
preliminary  loss  of  2.5  HaO  followed  by  the  loss  of  1  bipy  to  give 
Co(>jipy)2Bra.  Elomfental  analysis  of  the  product  corresponding  to  the 
plateau  after  the  second  step  indicates  the  cosnposltlon  Co(bipy)ii5Bra 
(Table  II).  According  to  the  theraogran,  however*  the  weight  loss  due 
to  the  second  step  is  larger  than  0.5  equivalents  of  bipy.  A  partial 
sublimation  of  the  conplex  could  account  for  this  discrepancy. 

CM(b-py)alBrg*5HgO.  The  themogran  indicates  an  initial  partial 
ellnlnatlon  of  H2O  followed  ty  a  major  break  indicating  coellminatlon 
of  the  rest  of  the  water  and  approximately  1.5  equivalents  of  bipy. 
Particle  size  is  also  oaikedly  important  in  this  process. 

[Cu (bipy) alBra  *520.  Because  of  the  early  issociatlon  of  the 
copper  complex  (Table  I)  the  particle  size  plays  a  role  here  similar 
to  that  with  the  manganese  compound,  though  somewhat  less  pronounced 
in  magnitude.  Thus  effective  grinding  is  important. 

f  Zn(blPv) alBrg •AHoO.  The  thermogram  (Fig.  le)  indicates  an  initial 
partial  ellnlnatlon  of  water,  with  the  rest  of  the  water  and  2  bipy 
eliminated  in  the  main  break.  The  cause  of  the  inflection  at  '•92®C  is 
not  yet  clear  and  further  investigation  lo  necessary  to  elucidate  this 
observation. 

All  the  samples  were  carefully  ground  in  the  same  way  as  was  the 
manganeae  conpound.  Except  for  the  approximate  compositions  Nl(blpy)i,6Bra, 
and  Co(blpy)i.8Bra,  the  end  products  of  the  dissociation  stops  for  the 
series  correspond  to  M(blpy)Br8  vith  the  intermediate  fonmtion  of 
M(blpy)sBr2  in  tho  case  of  MtiSt  and  Cn»-,  The  nature  of  M(blpy)i.BBr2  for 
Co^  and  Nl®t  has  yet  to  be  elucidated.  The  Ni®t  and  Fe®+  conipounds  also 
demonstrate  strikingly  the  effect  of  the  outside  anion  on  tho  therml 
stability  of  thaaa  compounds.  Stable  intermediates  of  Ni(blpj08Cla  and 
Fc(bip7)3Cl3  are  reported  b»:t  in  contraet  to  this  is  the  apparent 
thermal  inatabllity  of  the  enalogcus  broaddes. 

TREATjeW  OP  THE  DATA 

The  energy  of  activation  of  a  solid  state  dlssooiatlon  proceea  may 
be  determ^ed  by  the  application  of  the  familiar  Arrhenius  expression 

k  =  2e  ,  where  2  =  frequency  factor,  E*  »  activation  energy,  and 
k  =  rate  constant. 

If  the  compound  undergoing  heating  is  in  a  atata  of  dynamic  aqul- 
librlua,  each  point  elope  on  the  thermogram  yields  the  corresponding  rate 
of  reaction  at  the  particular  temperature.  Thus  one  should  be  able  to 
obtain  a  series  of  wch  data  from  a  tbarmogram  which  would  permit  deter¬ 
mination  of  the  activation  energy  from  a  single  ejqseriment. 


Ir86nuin  Carroll  Phya.  394»  (1953)3  have  given  a 

ailmplified  graphical^eatment.  This  treatment  has  been  xried  In 
soiae  detail  by  na  and  been  found  to  suffer  from  considerable  limit¬ 
ations.  Values  of  C*  corresponding  to  the  reaction 

CaCgOt'IIgO  ^  CaCa04  -t-  HgO  (ia  vricuo)  fluctuated' lu  the  renge  of 
18  -  26  ICCal  mole"^  end  values  for  the  reaction 

[lIn(bipy)s]Sr2  ^  Iin(blRy)2  \  Bra  +  bipy  (ja  vacuo)  fluctuated  in  vhe 
range  of  12  -  18  KCal.  '' 

A  second  approach  was  tried  by  assuming  the  reaction  to  be  first 
order  and  deteiuixiing  the  reaction  rate  constant  k  frem  the  following 

relationt  ^  =  k(a-x),  \diare  &  =  initial  concentration  of  the  tris 

compound  and  2  ia  the  concentration  at  time  t.  Application  of  this 
equation  presuppoaea  a  precise  knowledge  of  the  dlsaociatlon  reaction* 

The  activation  energy  valxiea  determined  by  this  method  were  equally 
Inconaistent. 

In  a  third  approach  the  dissociation  process  CaCaOe'HgO  ^  CaCsOi  -f  HsO 
was  studied  isothenaally.  The  some  trend  of  fluctuations  in  the  data 
was  observed. 

More  work  la  in  progresa  to  investigate  the  cause  of  'this 
irreproducible  behavior.  Some  thexmogravlmatrie  data  on  the  dissociation 

reaction  CaCaOe'HsO  ^  CaCaOa  +  HsO  are  being  obtained  f^om  the  Argonna 
National  Laboratory  to  ascertain  if  our  difficulty  is  due  to  inc^r<miental 
defect.  More  attention  is  being  paid  to  the  physical  perametera  which 
seem  to  significantly  control  the  course  of  TCA  data  as  evidenced  from 
recent  reports.  Solution  of  this  problma  precedes  ajsy  further  quantitative 
study. 

PRESKNT  STATUS 

The  solid  state  thermal  dissociation  of  the  serlea  of  ccopounds 
represented  by  [ll(biFy)s]Br3*XH80  (11®'*'  »  first  row  transition  series 
el«Dents  in  dlnositlve  oxidation  states)  may  be  given  by  the  following 
sch<matlci 

[M(bipy)8]Br8  *  XHaO  ^  Dl(bipy)2]3?8  *  (X”y)H80  +  bipy  +  yHgO 

CH(bipy)8]ar8  •  (x-y)H80  ^  [M(bipy)ara3  +  bipy  +  (x-y)KaO 

The  experiments  are  conducted  in  a  vacuum  of  400-500  microns  Under  tdiich 
condition  the  free  bipyridyl  groups  sublime  away  from  the  reaction  product. 
The  water  molecules  set  free  in  the  heating  process  also  vaporize  in 
vacuo.  The  loss  in  weight  thus  caused  by  the  j^iysicai.  elimination  of  a 
pax*t  of  the  reaction  product  makes  possible  the  use  of  the  thermogravl- 
metrio  technique  in  the  study  of  ths  above  stated  thermal  dissociation 
process. 
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By  using  a  recording  thermogravimetric  balance  vrlth  a  llnoar  rate 
*  of  heating  it  should  therefore  be  possible  to  follow  the  kinetics  of 

tho  process  and  detemine  the  energy  of  activation  of  the  various  steps. 

A  ccmpariaon  of  the  activation  energies  of  the  dissociation  steps  for 
'  these  compounds  is  o^:pected  to  bo  more  meaningful  than  merely  comparing 

their  decomposition  temperatures. 

Tho  thermogravimetric  approach,  however,  suffers  from  a  number  of 
limitations,  '.hile  the  overall  shape  is  fairly  reproducible,  the 
thermograms  vary  in  their  details  and  fail  to  yield  satisfactorily 
reproducible  activation  energy  data  on  a  critical  treatment.  The 
main  factors  contributing  to  tho  difficulties  ere  discussed  below. 

1)  Unlike  the  case  of  a  reaction  in  solution,  the  kinetics  of  a  solid 
state  reaction  is  dependent  on  factors  such  as  rates  of  nucleation  and 
prccagation,  end  the  desorption  and  diffusion  of  reaction  products  out 
of  the  ayaten.  In  many  cases  the  solid  stste  dissociation  process  takes 
placo  through  aji  initial  induction  phase  wiil^h  is  known  to  bo  largely 
irrcproducible.  Pulverizing  tho  ocmple  to  a  sufficiently  small  size 

is  Important  both  to  ensure  complete  reaction  and  to  reduce  this 
irduction  period.  Unfortunately  the  bipyridyl  complexes  being  studied 
in  this  investigation  are  "soft"  and  do  not  easily  lend  themselves  to 
fine  grinding  by  conventional  meana. 

2)  Since  the  obaervod  kinetics  depends  \^n  the  rate  of  diffusion 
of  the  volatile  reaction  product  out  of  the  system,  the  "packing"  of 

the  sample  in  the  sample  holder  als  >  appears  to  be  an  Importart  parameter. 

3)  The  recorded  sample  temperature  is  the  temperature  in  the  neighbor¬ 
hood  of  the  crucible  holding  the  sample  end  is  not  necessarily  the  same 
as  that  of  the  actual  aample. 

4)  The  bipyridlno  produced  ea  a  reaction  product  aubllmea  under  vacuum. 
Since  only  a  part  of  che  suapension  system  Is  Inside  the  furnace  tube 
there  remains  the  possibility  of  the  porticl  oondonsation  of  bipy  on 
the  ouspension  system  and  resubllmatlon  on  its  way  out  of  tho  assemlly. 

In  addition  the  decomposition  products  in  some  cases  have  been  observed 
to  be  volatile  at  high  temperature.  These  then  condense  on  the  cooler 
part  of  the  furnace  tube  and  the  suspension  rod.  Tho  data  in  such  cases 
are  obvloualy  unacceptable. 

5)  All  the  bipyridyl  complexes  studied  so  far  except  [Mn(blpy)  sIBi's 

are  associated  with  water  molecules  held  in  tho  crystal  lattice.  In  tho 
•+  3^  3x 

caoe  or  Fo  ,  'Ai  ,  Co  ,  and  Zn  tha  thormotOPiaa  iiidlcata  codlimir.rtion 
of  water  and  bipyridyl.  This  circumstance  contributes  to  the  lack  of 
luiowlodge  of  the  precise  mode  of  dissociation  of  these  complexes. 
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Notirf-thstanding  the  above  factors,  \*lch,  unless  they  are  properly 
token  Into  account,  vlll  invalidate  much  of  the  quantitative  data,  it 
is  hoped  that  the  relative  errors  in  a  aeries  such  as  the  ono  under 
investigation  will  be  similar  and  thus  will  not  markedly  affect  the 
ccaparative  study. 

FUTURE  IJIVESTIGATIONS 

For  the  Immediate  future  we  vdll  continue  our  studies  of  the 
[M(bipy)a3Xa  systems.  It  is  imperative  that  we  resolve  the  present 
difficulty  of  being  unable  to  obtain  reproducible  quantitative  resvilts. 
'Vhen  this  problem  has  boen  overceme  it  still  remains  necessary  to  attempt 
to  differentiate  between  the  loss  of  water  and  loss  of  bipy.  This  may 
require  the  synthesis  of  the  anhydrous  salts.  Finally  it  will  th^n  be 
necessary  to  prepare  and  study  the  V(II)  and  Cr(Il)  complexes.  Those 
materials  have  been  purposely  put  off  until  last  as  they  are  difficult 
to  prepare  because  of  the  sensitive  nature  of  the  metals  in  this  low 
oxidation  state. 

Other  systems  which  show  promise  for  stua-es  of  this  type  are 


illustrated  by  the  following 

[H(hH3)8HaO]  Xa  ^  [M(1IH3)&X]  X2  +  KaO 
M(III)  =  Co(III),  Rli(lll),  Irpll),  Cr(IIl) 

X”  =  halides,  WCS”,  NOa",  3C4  ,  CO3  ”  (1) 

CCr(cn)33  X3  ^  tCif(on)aXa]  X  +  an 
an  =  NlijCnaCHaKKa 

X”  =  Cl“  product  is  C^s}  MCS”  prod-ot  is  trans  (2) 

iCflBl  “  [CrCeniaCla]  £ia  *  [Ur{en)aCl8]  (3) 

Cl'?H3)5i-l-0N0]  Xa  ^  I(NK3)5iI-N0a]X3 

ii(III)  =  Co(ni),  Rh(IlI),  Ir(IIl)  (4) 

i  -  KoCCr(Ca04)s]  ^  d,  1  -  Ks  LCr(Ca04)3]  (5) 

Ni(II)  (Schlff  basa)a  ^  Hl(n)  (Schiff  base)8 
(diamagnetic)  (paramognotlc)  (6) 
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ANALYSEo  OF  TIEKiAL  FRCDUCTS 
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Hn(  blpy)  Bi  a 

32.4 

2.15 

7.58 

33.3 

2.22 

7.76 

Fe(bipy)Bra 

32.4 

2.U 

7.54 

32.6 

2.19 

7.47 

Co(bipy)23r3 

45.2 

3.07 

10.5 

45.7 

2.99 

10.3 

Co(bipy)o3r2 

39.4 

2.63 

9.2 

40.4 

2.73 

9.3 

i:i(Mpy)i^Dr2 

39.8 

2.66 

9  3 

38.1 

2.65 

9.1 

Cu{blpy)aara 

44.9 

2.98  10.5 

44.0 

3.22 

10.9 

Cu( blpy) Bra 

31.6 

2.11 

7.29 

31.6 

2.15 

7.56 

Zn( blpy) Bra 

31.5 

2.10 

7.34 

31.5 

2.09 

7.50 
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A.  Part.iela  Orientation  end  Reorientation 

Indirect  evidence  from  macroscopic  soil  behavior  has  Indicated 
that  changes  in  particle  orientation  and  spacing  may  be  caiisative 
factors  in  the  variations  of  pore  water  pressure  and  strength  which 
rosiilt  fron  changes  in  the  rate  of  strain  and  in  the  stress  history. 
Direct  evidence  to  this  effect  is  lacking  at  the  uoner.t.  However, 
attempts  have  been  made  to  measure  particle  orientation  by  means  of 
X'^ay  diffraction.  Recent  results  have  shown  die  inct  differences 
between  the  patterns  from  oriented  and  non-oriented  samples.  The 
remainder  of  this  project  will  be  spent  in  deteruinljig  directly  if 
a  correlation  between  particle  orientation  and  reorientation,  and 
the  factors  discussed  above,  actually  exists. 

B.  Pore  '/ater  Pressuraa 

The  streasas  on,  and  between,  the  soil  particles  in  the  failure 
zone  at  failure  cen  be  determined  only  if  the  pore  water  pressure 
in  this  sone  iw  known.  Pore  pressure  dissipation  tests  under  constant 
load,  as  well  as  moisture  distribution  studies  made  recently  by  other 
inveatlgators,  indicate  that  significant  pressure  gradients  exist  in 
the  pore  water  in  a  sample  subjected  to  shear.  It  was,  therefore, 
noceanai'y  to  devise  a  method  of  measuring  the  pressure  in  the  failure 
zona  Itself,  rather  than  a*,  the  base  of  the  specimen,  as  is  custoriery. 
These  measurements  are  accomplished  with  the  aid  of  a  hollow  needle  - 
like  tube  with  perforated  sides.  The  tube  is  filled  with  a  fine 
copper  screen  in  ord>.r  to  prevent  clay  from  flowing  Into  the  openings. 

It  is  oonnoctad  by  a  flexible  tube  to  a  mlll-balanoe  tj^pe  of  pressui-o 
measuring  device,  and  is  filled  with  air-free  distilled  water.  The 
tube  is  inserted  into  the  central  portion  of  the  clay  apecimans  before 
testing.  This  arranfi;  -nt  permits  the  direct  meaeurenent  of  pressure 
in  the  fa^’.  ire  zone. 

Res  ^.'.3  cf  trlaxial  compression  tests  with  pore  water  meaaure- 
ments  indicate  that  the  water  pressure  at  failure  (and,  therefore,  the 
magnitude  of  the  Interparticle  forces)  is  a  function  both  of  the  stress 
history  end  of  the  rate  of  strain.  It  has  been  found  possible  to  express 
these  relationahlpe  explicitly  for  one  soil  by  an  equation  of  the  form  . 
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\rtiore  AOf  Is  the  pore  water  pressure  at  falliara,  dg  the  present  con¬ 
solidation  pressure,  Op  is  the  preoonsolidatioh  pressure,  and  a,  b, 
ai*d  0  are  experimental  constants.  Efforts  are  beinf  made  to  extend 
the  results  to  include  other  soils. 

FUTURL  PUl’S 

Some  of  the  phases  of  this  uo^k  vdiich  ve  hope  to  carry  out  in  the 
future  are: 

1)  A  study  of  the  effect  of  the  type  and  concentration  of  ions  in 
the  pore  fluid  on  the  relationships  betwaen  rtrength,  Interparticle 
forces,  and  rate  of  strain. 

2)  A  study  of  the  relationship  between  clay  mineral  type  and  the  effect 
of  rata  of  strain  on  strength  and  interparticle  forces. 
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ABSTRACT 

A.  Hvdrogeti-Deuterlum  Exchange  Experiments  on  Irradiated  Polyethylene 
M.  Dole 

Klnotlc  equations  hive  been  developed  that  describe  accurately  the 
exchange  of  deuterium  atoms  with  hydrogen  atoms  between  the  gas  phase 
end  solid  polyethylene  at  room  temperature  subsequent  to  an  irradiation 
vlLU  Co-60  Y-rays  at  liquid  nitrogen  temperature.  Conclusions  reached 
Oi-e  that  (1)  the  free  radicals  decay  h>y  a  first  order  process,  (2)  the 
exchange  probably  occurs  on  nearest  neighbor  sites,  and  (3)  the  reaetion 
rate  is  about  1000  fold  faster  than  it  would  be  If  the  reaction  occurred 
entirely  in  the  gas  phase.  The  latter  fact  is  e::vlalnod  on  the  basis 
of  the  heat  of  adsorption  of  atomic  deuterium  in  the  solid  lowering  the 
energy  of  activation  for  the  reaction. 

6.  Specific  Heat  Measureeents  pj}  Poivorowlene 

R.  W.  Wilkinson 
Ph.D.  Thesis  Research 

Unlveraity  of  London,  but  done  at  Nerthwestem 

Specific  heat  measureDonts  have  been  made  on  granular  and  annealed 
Isotactlo  polypropylene,  and  on  granular  atactic  polypropylene,  the 
latter  over  the  tempera  cure  range  -60  to  200°C.  Experiments  ore  in 
prog'.  OC3  on  annealed  ctacti^  polj'propylona. 

C.  KolocuTer  Hydrogen  Bacic  Reaction  with  Irradiated  Polyethylene 
A.  0.  Mueller,  Jr.  ,  , 

This  reeearch  has  progressed  only  to  the  point  of  attempting  to  set 
up  a  vacuum  line  free  of  leake. 

SCIENTIFIC  RESULTS 

*•  Bydrogen-Peuterium  Fxsharja  Exseriments  sB  Irradiated  Polyotbvlene 

The  exporlMobal  aspects  of  the  study  of  the  oxcliango  of  l^drogen 
li  otopeo  between  gaseous  deuterium  and  irradiated  polyethylene  have  been 
carried  out  by  Dr.  Francis  Cracco,  who  was  supported  by  a  grant  from 
the  U*  Se  Atomic  Energy  Coanission.  With  ARFA  eupport,  theoretical 
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eqiia-tlons  for  the  exchar^e  have  been  developed.  If  we  ascuoe  the  kinetic 
equations 


-CI^-CHCHa-  +  Da 

■*  -CHaCHDCHa-  +  B* 

(1) 

-CHaCHaCHa-  +  D* 

-  -CHaQHCHa-  +  HD 

(2) 

-CHoCIICHa-  +  HD 

-  -CHgCHDCHa-  +  » 

(31) 

■*  -CHaCEaCHa-  +  D* 

(3b) 

-CHaCIiaCHa-  +  H* 

-►  -CHagECHa-  t  Ha 

(4) 

and  1st  X,  y  and  z  equal  the  mole  fractions  of  HD  and  Hg  in  the  gaseous 
phise,  t  the  tine  in  hours,  ki  the  reaction  rate  constant  of  (l),  we  find 
that 


where 


and 


X  =  exp  (-at) 

y  =  {a/(a  -  b)}  [exp  (-bt)  -  exp  (-at)] 
z  =  1  -  X  -  y 


wA  *  kjjkiM® 


(5a) 

(5b) 

(5c) 

(6) 


(7) 


In  Eq.  (6)  w  is  the  weight  of  polyetliyleno,  V  la  the  free  gas  volume  of  the 
exoharge  coll,  kjj  is  Henry's  Law  constant  and  [Ej°  Ij  Llie  Initial  conesn'ra- 
M.on  of  freo  rndloalo  In  tlio  polj'ethylone  at  tlio  st'.rt  of  the  oxchargo. 
However,  Eqs.  (5a)  and  (5b)  were  found  to  be  Invalid  because  of  the  decay  of 
freo  railed  oonoertratlon  with  tXss.  In  case-the  free  zcJicalo  dls.'ppaar 
according  to  a  second  order  lav  (the  usual  situation), 

[R^  a  [lV]o  /  (l  +  ks  [R]"!}  (8) 

then  Eqs.  (5)  become 

X  »  (1  +  Dt)“*^®  =  exp  {-  I  tn(l  +  Dt)}  (9a) 

o 

y  »  [a/'a  -  b)]  [exp  {r  |  tnd  +  3t)}  -exp  {-  |  f,,(i  +  Bt}]]  (9b) 

where 
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t 


B  »  ks[R«> 


(10) 


But  E^3.  (9)  tlao  do  not  agree  with  the  data  although  they  are  more  nearly 


valid  than  Eqa.  {5)«  Therefore,  a  first  order  free  radical  decay 

[a-]  =  [fi-]®  •  q  (11) 

where 

q  =  exp  {-k3x]  (12) 

wiis  tried.  The  resulting  equations  are 

X  =  exp  C-  (1  -  q)]  (13a) 

y  =  a/(a  -  b)  [exp  (-  (1  -  q)}  -oxp  {-  (1  -  q)]]  (13b) 

these  RuUitions  give  a  good  desci  iption  of  the  data.  In  addition  to 
Eqa.  (13)  'fe  al-so  have:  at  very  short  times  (for  all  three  mechanisms) 

y  =  at  (14) 

K*  =  y^/x.z  =  2a/b  (15) 

For  Eq.  (13)  only,  at  infinite  time 

-tn  =  -aAs  (16) 


Equationa  (14),  (l5)t  and  (16)  permit  che  evaluation  of  the  constants  a, 
b  and  ks.  Knowing  [R*]®  ft?®  published  data  and  kjj  fren  unpublished 
results  of  this  laboratory,  we  can  also  calculate  i:i.  It  is  concluded 
that  reaction  (1)  proceeds  about  ICOO-fold  faster  la  the  solid  polyethylono 
than  in  the  gas  phase.  This  surprising  result  is  attributed  to  a  possible 
large  heat  of  adsorption  of  atonic  deuterium  on  the  solid  polyethyleno 
which  reduced  the  activation  energy  of  (1)  sufficiently  to  account  for  the 
greatly  enhanced  reaction  rate. 

D.  Specific  Heet  pt  Isotactlc  and  Atactic  PclvproTr.'lene 

Partially  supported  by  Esso  Resesrch  and  Eevolopnent  Company 

The  complete  results  of  the  epeclflo  heat  meosurenents  of  Isotactic 
polypropylene  are  given  in  Table  I. 
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TABLE  I 


SPECIFIC  HEATS  OF  I.OCTACTIC  POLYPROPYLICE 
(cai/g=C) 


Granular  Anneal ad 


t<>c. 

®P 

t°C. 

Ave. 

Ave. 

-14.3<’l 

0.3284 

-13.891 

0.3408 

-  7.916 

0.3488 

-  1.326 

0.3783 

-  0.615 

0.3687 

13.173 

0.4014 

10.188 

0.3882 

27.322 

0.4361 

24.609 

0.4279 

40.899 

0.4657 

35.392? 

0.4603 

54.111 

0.4875 

48.772 

0.4827 

67.064 

0.5182 

61.CfO 

0. 5031 

72.799 

0.5302 

73.167 

0. 5461 

86.194 

0.5711 

8p.368 

0. 5703 

98.107 

0. 5960 

97.184 

0.6048 

109.721 

0.6539 

111.589 

0.6510 

121.616 

0.6679 

124.  a4o 

0.7202 

133.376 

0.73-63 

155.259 

0.8091 

U3.692 

0.8754 

121,215 

0.6712 

160.557 

1.6718 

140.156 

0.8614 

166.060 

2.2016 

148.901 

1.0211 

171.220 

1.1629 

155.476 

1.1697 

176.782 

0.6356 

159.459 

1.39^2 

184.678 

0.6568 

163.034 

1.8125 

195.433 

0.6565 

166.263 

1.9370 

206. 198 

0.6533 

169.361 

1.7C69 

171.645 

1.3123 

173.772 

0.8472 

176.363 

0.6655 

180.439 

0.6553 

189.139 

0.6516 

199.950 

0.66.12 

211.049 

0.6743 

C.  HolccyOfr  Repqtlaa 

Through  oai7  ysara  of  research  on  tii«  radiation  chealstry  of  polyoth.rlone 
wo  hrve  obscrvod  Indloationa  of  a  reaction  botween  molooular  l^rcgr.a  ot:d 
Irradiated  polyethylene.  At  this  time  we  wished  specifically  to  study  this 
reaction!  if  indeed  it  exists.,  end  the  problsa  was  turned  over  to  Albert  Q. 
hlueller!  Jr.,  graduate  student  and  part-  tine  research  assistant,  who  has 
Just  s  tarted  to  work  on  the  problem. 


FOTURE  PLANS 


A.  Specific  Heet  of  Higa  Pol-'crers 

We  hope  to  flnleh  the  study  of  polypropylene  and  then  turn  either  to 
Bingle  cryatals  of  polyetlqrlena,  if  we  con  obtain  a  euffieicnt  quantity  of 
theue,  or  to  10-10  polyo'^tidc.  We  wish  to  study  the  polyaodde  because  thei'e 
is  at  present  in  the  literature  a  considerable  discrepancy  concerning  the 
heats  of  fusion  of  polyamides.  The  estimates  vary  all  the  way  frem  75  to 
45  cal.  g."’. 

B.  Badiatton  Chemistry  of  Pol’/mera 

Many  possible  amplifications  of  research  in  this  field  could  be  sug¬ 
gested.  Some  are  as  follows: 

1.  Comparative  study  of  the  effect  of  irradiation  in  producing  degrada¬ 
tion  and  racemization  in  polypropylene  oxide. 

2.  The  molecular  l^drogon-lrradlated  polyethylene  back  reaction  men¬ 
tioned  above.  A  atudy  of  this  reaction  subsequent  to  the  irradiation  might 
reveal  new  iiifonation  concemlrig  the  kinetics  of  chemicsl  effects  during 
irradiation. 

3.  Eleetrori  spin  resonance  studies  of  free  radicals  produced  in  high 
polymersi  especially  polypropylene,  by  high  energy  radiations.  The  inves¬ 
tigation  of  poJynropylene  was  begun  a  year  ago  in  the  suranor  with  the  ESR 
equipment  at  the  Argonne  National  Laboratory.  Tkinks  to  the  ARPA  grant, 
we  now  have  our  own  ESR  spectrometer  and  we  intend  to  start  using  it 
shortly.  The  first  use  of  this  equipmu.t  will  bo  to  test  our  belief  that 
free  radlcale  decay  faeter  in  the  presence  of  ooleeular  hydrogen. 

4.  Intrinsic  vlscosliy  studies  of  polymero  undergoing  rimultaneoua 
degradation  and  crosullnklng.  Here  we  wljh  to  determine  whether  or  not 
some  mathematical  considerations  eonoeming  the  intrinsic  viscosity  as  a 
function  of  radiation  dose  which  we  have  recently  puhlishsd  [J,  PVr.  Chain. , 
65.  700  (1961)]  are  generally  valid. 


PUBLICATIONS 

As  yet  no  papers  concerning  the  research  projects  supported  by  MRP-14 
hive  teen  ribliihed.  One  paper,  by  Dr.  Cracco  and  the  project  director, 

1ms  been  written  and  submitted  for  publication  in  the  Jriur.  Airsr.  Soa. 

Its  title  is,  "Radiation  Chemistry  of  Polyethylene.  V.  i;ydrogen  Isotope 
Ex''h.''ng*  Studies." 


Materials  Research  Project  ifVi 
21  ^jatoga^tiflB  2£  ipperie.Qt^qng  qs,  2g.£siaai42a  l^iissiga 

Project  Directors  J.  0.  Brittain  '  i 

associate  Proressorf  Departaent  of  Materials  Science 


The  primary  object  of  this  research  is  to  determine  the  roles  played 
by  variosia  point  defects  on  the  defomatioa  nec'.’an.isms  observed  in 
cr^'stalline  materials. 

In  the  defect  structured  intermediate  phases  MAI  and  CoAl  a  study 
of  the  effect  of  concentration  of  vacant  lattice  sites  and  excess  Ni  or 
Co  upon  creep  vhich  was  initiated  sindor  an  IGF  grant  is  being  continued 
(after  June  15,  1961)  with  edsistance  from  ARPA  funds.  It  has  already 
been  shown  in  the  NS?  sponsored  research  that  the  activation  energy  for 
creep  In  HiAl  decreases  as  the  composition  deviates  from  the  stoichiouetrie 
one  in  either  direction.  In  NLil  the  effect  .s  being  studied  more 
tlioroughly  and  the  range  of  couposition  is  being  extended.  A  similar 
study  of  CoAl  is  also  underway.  The  creep  experiments  are  of  the  simple 
shear  typo  and  are  being  conducted  in  a  vacuum  of  about  10“*  nm  of  Hg. 

The  technique  in  the  study  employs  decrements  and  increments  in  temperature 
and  stress. 

A  study  of  the  changes  in  the  active  alip  systems  and  dofomatlon 
mechanism  with  composition  and  temperature  in  iron  beae  alloys  was  Initiated. 
In  Fe-Si  alloya.  for  e^ple,  addition  of  31  reduces  the  active  slip  planes 
from  three  illOj,  (112 j,  and  {123)  to  one  {lio).  The  object  is  to  study 
the  effect  of  composition  and  temperature  on  the  deformation  mechanism 
In  other  binary  arul  in  ternary  alloys. 
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Materials  Research  Project  #16 


Direct  Observation  2£  lattice  Imperfections  end  their  Relation  to 
Machenical  and  Phvsjral  Properties 

Project  Director;  M.  Haahil 

Assistant  Professor,  Department  of  Materials  Science 

A.  Effect  of  Electron  Irradiation  rn  Mechanical  Properties  of  Metals 

and  Alloys . 

K.  Cno 

M.  S.  Thesis  Research 

While  the  electrical  resistivity  of  electron  irradiated  metals  has 
teen  investigated  extensively,  little  attention  has  been  given  to  changes 
of  mechanical  properties.  Dixon  and  Meechan  (I'J^l)  irradiated  copper  at 
65“K  vith  5  X  10^®  (1.25  Mev)  electrons  /cm'’  and  observed  an  increase  of 
25^  in  hardness.  Half  of  the  total  change  annealed  out  at  100°C,  and  the 
residua  at  300*^0.  They  concluded  that  either  interstitials  or  vacancies 
can  contribute  to  the  hardness.  Dieckamp  (1955)  irradiated  large  grained 
10  mil  copper  wires  at  77“K.  llo  irxroase  in  critical  shear  stress  was 
observed,  but  there  was  considerable  scatter  in  the  data.  More  recently, 
Blewitt  and  Makln  irradiated  copper  single  crystals  of  1.5  mm  diometei* 
vith  4  Mev  electrons  at  room  temperature  and  at  liquid  nitrogen  temperature. 
The  crital  resolved  shear  stress  incrsessd  from  in*cdiatlon  at  both 
temperatures.  K.  systomatlc  study  of  the  effect  of  electron  irradiation 
on  mechanical  properties  of  metals  has  been  published. 

B/  controlling  the  beam  energy  and  by  studying  the  recovery  of  the 
hardening,  it  may  be  possible  to  separate  out  the  varioiu  effects  and 
thus  determine  the  natui*e  of  processes  causing  hsrdening  during  and  after 
5.ri'Bdiation. 

An  apparatus  designed  for  tens'le  testing  and  for  irradiation  at 
vexious  temperaturoo  between  80®  a:«i  300®X  has  been  constructed  and  its 
perfemsneo  is  presently  being  tested.  Tonsllo  tests  and  irradiation  can 
bo  ceniod  out  In  the  apparatus  without  transi'erring  tha  specimen. 

Fjg.  1  shows  the  rpccimen  chnber,  the  stress'straln  measuring  system, 
end  the  cryostat  assenblod  for  attaching  to  the  Von  de  Grooff  accelerator. 

Th.«  cryostat  roquiros  about  30  minutes  to  cool  to  £!0®K.  The  rate  of 
tcppe.'atura  increase  in  the  cpcciren  chombor  haa  been  fwind  to  be 
ap.-.'yximatcly  10®C  per  watt.  The  tiv.porat'ure  of  the  specimen  will  be 
boio.f  90®K  uich  10^^  1  to  3  ilev  electrons  pt  r  sac  per  cm^. 
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Tha  stress-strain  curve  is  recorded  automatically  uitli  a  sensitivity 
of  2  and  5  x  10~*  for  stress  and  strain,  respoctivoly. 

Initially  the  quantitative  effects  of  tlie  electron  enerpy  and  dose 
on  the  magnitude  of  irradiation  hardening  will  studied  in  Al  end 
Cu.  Thermal  annealing,  the  influence  of  the  temperature  of  irradiation 
and  tha  effect  of  plastic  dofomation  prior  to  irradiation  will  also  bo 
investigated.  Since  tha  apparatus  is  designed  for  both  irradiation  and 
tensixa  testing,  tiio  doping  effect  of  pree:cisting  imperfections  produced 
by  plastic  deformation  at  various  temperatures  can  be  investigated  by 
repeatod  cycles  of  extension  and  irradiation.  Quenching  studies  prior 
to  irradiation  may  also  be  included. 

Similar  apparatus  for  use  to  20°h  has  been  designed  and  later  it  is 
planned  to  extend  the  investigation  to  20®K  where  tha  effect  of 
interstitials  on  hardening  mry  be  particularly  interesting. 

Along  wih  the  mechanical  property  studies,  ar  electron  miorographic 
study  of  the  defects  caused  by  irradiation  is  planned.  Detection  of 
defects  and  determination  of  their  behavior  at  different  temperatures 
and  under  applied  stress  vrill  be  included  bore. 

B.  Ileetron  Hicrograchlc  and  liechanical  Study  of  lattice  Imperfections 

aamiltlng  from  Quenching 

T.  iiorl 

M.S.  Theals  Research 


Studies  of  lattice  imperfections  by  means  of  electron  microscopy 
and  mechanical  properties  of  materials  have  usually  been  carried  out 
independently  by  different  {Toups.  It  is  advantageous  to  study  mechanical 
iircporties  along  with  the  direct  observation  of  lattlca  ImperfBcLlous  ty 
on  electron  microscope,  "o  presently  plan  to  do  this  ccmblnod  vrork  on 
quenched  Ag. 

The  effect  of  quenching  and  subsequent  aging  on  the  mechanical 
properties  of  silver  will  be  detenrfnoJ.  Along  with  this  study  the 
structures  of  tha  imperfections  and  ^halr  thermal  strblxity  will 
be  determined  by  tronsmicaion  electron  microscopy.  The  behavior  of 
these  defects  under  en  applied  stress  will  also  be  studied. 

According  tc  our  previous  calculations,  the  structure  and  thermal 
stability  of  the  imporfoctlons  resulting  from  quenchod-ln  vacancies 
arc  oxtrtnoly  sensitive  to  the  dislocation  and  stacking  fault  ene-cglcs. 

The  calculation  has  compared  well  with  the  experhaontal  observationn 
in  gold.  A  similar  and  more  thorough  chock  of  the  theory  will  be 
e^tompted  in  the  present  work. 
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C.  C'uenchlng  and  A?lrg  In  C-old-tTlckfil  Alleys 

S.  S.  Chun 

M.S.  Thesis  Research 

M.  E.  Collignon 

Undergraduate  Research  Assistant 

It  is  proposed  to  study  the  relation  between  clustering  of  quenched- 
in  vacancies  and  clustering  of  solute  atoms  in  Au-Ni  alloys  with  the 
electron  microscope. 

The  process  of  vacancy  clustering  end  the  structure  of  secondary 
defects  are  well  understood  in  pure  gold.  The  present  study  is  an 
extension  of  the  above  work  to  a  gold  alloy.  Addition  of  Ni  to  Au 
may  have  a  significant  effect  on  vacancy  precipitation. 

Precipitation  of  a  Ni-rich  phase  in  Au-Ni  has  been  observed  1)y  a 
resistivity  change;  however,  there  is  no  clear  understanding  of  tlie 
process. 

Mechanisms  of  hardening  from  aging  after  the  quench  have  been 
preposed  in  terms  of  solute  atom.  clusteri.»'.g  (or  precipitation) 
in  t!)e  case  of  alloys,  and  vacancy  clustering  in  the  case  of  pure 
mznald.  The  former  mschanism  moy  not  be  Ignored  in  "pure"  metals 
nor  the  latter  in  alloys.  The  two  proceeses  may  be  interrelated. 

D.  Q’lP’^.ch  Hardoning  ia  AVsirlrum 

P.  W.  Shin 

Research  Assistant 

Electron  mtcroscope  and  '.ensile  studies  of  quench  hardening  in 
A1  are  prescni-ly  under  way.  A  method  lus  been  developed  for  producing 
epeeixers  of  desired  thermal  history  for  direct  observation  under  the 
electron  microscope. 

The  maohanical  taotirg  revealed  that  the  hardcrlng  effect  duo  to 
quenching  dljsappeared  partly  in  the  ttruporoture  range  (160  to  XCO^C) 
wt  tre  priematic  dislocation  loops  anneal  out;  however,  complete  recovery 
requiree  a  conaldorably  hlghor  temperature.  Mo  prlsoatio  dislocation 
loope  exist  horo.  One  of  the  present  objects  is  to  dstarmino  tho  cause 
of  hardening  which  anneals  out  in  the  higher  temperature  region  and  to 
clarify  the  interaction  between  point  Impen'oetione  and  dislocation 
lines.  It  is  also  hoped  to  observe  the  dynanlo  behavior  of  prismatio 
loops  under  on  applied  etrese  and  their  Interactinr.  with  gliding 
dlsiocetlone. 


Fig.  1  Apparatus  for  tsnsile  testing  in  conjunction  vith  Irradiation 

A.  Flange  for  connecting  to  Van  de  Graaff. 

B.  Transducer  for  strain  ttaasurement. 

C.  Top  of  specimen  chancer. 

D.  Liquid  nitrogen  cryostat. 

F.  Stress-strain  recorder. 


Materials  Rasearch  Project  #17 

Nntnre  and  Procertipa  of  Lattice  Innerf actions  Produced  b-^  Electron 
Irradiation.  Quenohlnn.  Low  Teirroratnra  Deformation. 

Project  Director:  J.  w'.  Kaufimtui 

Associate  Profe3aor«  Department  of  Materials  Science 

IKTRCEUCTION 

The  general  purpose  of  this  research  is  to  investigate  the  funda¬ 
mental  nature  of  structure  sensitive  properties  of  oatoriols.  An  Im¬ 
portant  aspect  of  this  study  is  the  Introduction  into  materials  in  a 
controlled  fashion  of  various  lattice  imperfections •  such  as  lattice 
vacancies  and  interstitial  atoms.  (Ranching  from  high  tenperatiu'es  to 
low  temperatures  ab  controlled  rates  of  cooling  is  used  to  introduce 
lattice  vacancies  and  lattice  vacancy  complexes  Into  the  lattice. 
Electron  irradiation,  using  the  Van  da  Graaff  accelerator,  is  used  to 
produce  simple  vacancy  Interstitial  pairs  or  at  higher  beam  energies 
multiple  vacancy  interstitial  configurations  in  materials  at  low  tem¬ 
perature.  This  facility  is  a  result  of  a  modification  of  the  Van  da 
Graaff  accelerator  such  that  it  can  not^  pcoduce  electrons,  as  well  as 
positive  particles  for  which  the  machine  was  originally  designed.  This 
rebuilding  of  tho  Van  da  Graaff  has  bean  carried  out  under  AEG  support. 
This  research  will  utilize  certain  crj'ostats  and  other  equipnont  which 
was  built  with  A£C  support. 

The  rasearch  carried  out  with  AHPA  support  up  imtil  about  April 
1961  was  carried  out  jointly  with  ONR  and  ADC.  The  work  was  then  re¬ 
organized  so  that  all  atibsequent  research  support  with  AliPA  funds 
would  be  carried  out  with  ARPA  support  alone  except  for  the  use  of 
equipment  as  mentioned  above. 

A.  IrPTYaa  s£  ElD.riLr.lr,Pl  Realstlvltv  In  Go]i  blanched  £];:aa  Bolow  700°C 
M.  Meshli 

Assistant  Professor,  Department  of  Materials  Science 
T.  Mori 

Research  Assistant 
Supported  in  Piurt  by  OMR 

The  rooiduol  vloctrical  resletlvlty  at  liquid  helium  temperature 
of  pure  molJ  quonchoo  from  tenpernturea  between  700®C  emd  400°C  vrns 
dot' named  as  a  function  of  annealing  time  at  62.4' 'C.  On  quenching 
from  below  500°C  on  Initial  increase  in  resistivity  occ’urred,  followed 
by  the  usual  decrease  with  aging  tine.  The  time  to  reach  maximum  re¬ 
sistivity  was  found  to  Vie  a  function  of  the  quanched-in  reslutivity. 

Thu  increase  in  resistivity  is  interprstsd  as  due  to  vacancy  clustering 
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during  the  aging  proceti:*  For  quenches  above  5X'’C,  clusters  form 
during  the  quenching  process  and  act  as  vacancy  sinlvs  di;ring  subsequent 
aging.  A  calculation  oi  t'-.s  formation  of  di-  and  tri-vacancies  during 
the  arjieallng  process  ahofs  that  for  a  binding  energy  of  0.3  ev 
appreciable  clustering  cccurs  dariag  luuiealing  after  a  iow  temperature 
quench.  A  maximum  in  t;.s  crtlculated  conc^r.tratr.on  of  di-  and  tri- 
vacencies  occurs  in  the  sene  c.-der  of  magnitude  of  time  as  the  ob¬ 
served  maximum  in  resistivity,  and  is  followed  by  an  approximately 
exponential  decay. 

B.  Resofteninff  o£  Oucnch.-Frrdened  Alumirvm 


Assistant  Professor,  Department  of  liatarials  Science 

T.  Hori 

Research  Aasistnnt 

Supported  ir.  Part  by  OH® 

Resoftt  aJ'.g  of  quench-hardencd  aluminum  wire  \ri.th  parity  of  99*999 
pet  was  studied.  Specimens  vfhich  had  a  diameter  of  0.016  in.  were  quenched 
from  6nQ°C  into  iced  brine  and  annealed  at  temperatures  bcti'een  lOO^C  and 
260''C  after  aging  at  rocm  temperature  for  several  hours.  After  this 
an'.ecliag  treatment,  the  yield  stress  was  measured  at  room  temperature. 

The  results  are  as  follovra;  lilien  the  annealing  time  was  30  min.  the 
annealing  temperature  at  which  half  of  the  increase  of  hardening  by 
qneiicblng  and  aging  was  eliminated  was  200^^0,  and  more  the,;  260°C  was 
necessary  to  arjieal  the  apecimen  into  fully  softened  condition.  Iso¬ 
thermal  annealings  which  were  performed  at  170°C  to  showd  that 

the  activation  energy  for  resoftening  was  about  1.2  ev.  The  temper¬ 
ature  dependf'tK'a  of  the  yield  stress  was  higher  fov  the  quenched  anecl- 
nerts  than  for  the  anne<U.ed  ones. 

Neither  the  rata  nor  th'  temperature  of  resoftening  corresponds 
to  the  rate  or  temperature  of  disappearance  of  prismatic  dialucation 
rings  as  observed  by  electron  microscopy.  Therefore,  prismatic 
dislocation  loops  may  not  be  a  major  source  of  quorch-hordening  In 
aluminum. 

C.  snissi  'AtfcpghilM;  Uia.  SB  ^  9uenched-ln  Resistivity  ip, 

M.  Meshii 

Assistant  Professor,  Depsjrtaant  of  Ilaterlals  Scionca 

T.  Mori 

Rosoarch  Assistant 

ST'.pportod  in  Fart  by  0!® 

The  effect  of  quenching  rate  on  the  quenchad-in  resistivity  in  gold 


waa  exporiaentally  studied.  For  quenching  temperatures  of  1030®, 
900°,  800°,  and  700°C  a  linear  relation  between  the  logarifclm  of  tr.a 
quenched- in  rosistivlty  and  the  reciprocal  of  the  quenching  rate  wen 
found.  (The  Invoctigated  range  wac  10“^  to  8  x  10'^°C/sec.)  Tho_^ 
quenohsd-in  resistivity,  P„  =  A  a:rp  (-E^W),  where  A  =  5.0  x  lo”'^ 
ohm-ta  and  the  forsaation  ener^,  £p  =  O'. 97  ev.  Using  moasui’cmcnt 
of  the  volume  change  of  quenched  specimens  and  assuming  that  a 
vacancy  has  0.4  atcnic  volume,  the  following  constants  were  obtuin'^d: 
The  resistivity  of  one  atonic  percent  of  vacancies  is  1.4  x  lO”*  ohm- 
enj  the  entropy  of  formation  of  a  vacancy  is  1.1  x  70”*  av/-'iU  and 
the  fractional  concentration  at  the  melting  point  is  7.5  x  10~'*. 

D.  Electrical  Resistivity  Recovery  Above  -■’3°C  ift  F.lectron- 

T.rr9-diatcd  r-old 

R.  A.  ’fullaert 

M.S.  Thesis  Research 

Supported  in  Part  by  AEG 

Gold  wire  of  99.999?  purity  was  irradiated  with  2.4-Mev  electrons 
at  about  11j0°K;  the  electrical  resistivity  waa  measured  at  4.2°K  fol¬ 
lowing  various  isochronal  and  isothermal  anneals  at  temperatures  above 
-80°C.  In  the  isochronal  recovery,  two  major  processes  were  evident 
beti/een  -80°C  and  tlie  temperature  at  iiiich  complete  racovery  occurred 
(-tl60°C).  Stage  II  recovery  waa  observed  up  to  about  -25  °C  and  ttie 
fraction.il  racovery  corresponds  closely  to  that  for  irradiations 
carried  out  with  the  specimen  temperature  near  10°K,^  Appreciable 
stags  III  recovery  extorded  from  about  -10°  to  +100°C.  Activation 
energies  were  determined  by  the  slope  iatorosetion  ae+bod  for  atago 
III  recovery.  The  average  of  eight  determinations  at  temperatures 
between  -50  and  +75*^  vaa  0.66  ±  0.05  ev. 

E.  itoor.aUcftI  -?lcula^tpna  2I  Yhsmrj  UitrallTa  StXd 

One  of  the  most  widely  used  methods  for  the  study  of  the  prop¬ 
erties  of  lattice  imperfactlons  is  the  study  of  the  rate  o*' 
resistivity  cha.ige  due  to  Isoth'-nual  reduotlcn  in  the  supersaturated 
concentration  of  defects.  I'.ttenpta  at  tha  analysis  of  t.hl3  typo  of 
data  era  usually  made  first  In  terms  of  a  sicplo  activation  energy 
even  though  tlu  activation  energy  may  be  varicbla  and  secondly  in 
terms  of  tha  order  of  tha  reaction.  It  haa  boc.o  found  that  often 
cuen  a  eimple  approach  to  the  analysis  of  the  data  i.i  not  adequate, 
and  one  must  aacumo  that  more  ccnplleatod  proceaaus  occtir  involving 
various  activation  enarglea. 


D.  Word,  Ph.O.  thaaia.  Horthwaatorn  University,  I960. 
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Besides  the  simple  process  of  Individual  lattice  vacancies  mi¬ 
grating  to  fixed  sinks,  other  processes  appear  to  be  important:  these 
are  the  coa^ilation  of  vacancies  to  form  di-vacanciea,  tri-vacancies 
and  under  certain  condltior^  large  complex  configurations,  such  as 
tetrahedral  stacking  faults.  It  has  been  shorm  iMcri,  Meshii  and 
Kauffman,  Phllcsonhical  HefraT^lse  i,  637  and  939  vl960)]  that  these 
complexes  are  Important  and  that  they  prcduce  a  large  effect  cn  the 
mechanical  properties  of  quenched  gold.  The  present  calculations  in¬ 
volve  the  following  procosses:  l)  The  migration  of  single  vacancies 

and  dl -vacancies  to  fixed  random  sinks,  2)  the  formation  and  des¬ 
truction  of  dl-vacancles  as  a  result  of  vacancy-vacancy  collisions, 
and  3)  the  formation  and  breakup  of  trl-vacanclea  as  the  result  of 
di-vacancy  single  vacancy  collisions.  These  processes  may  be  repre¬ 
sented  by  the  following  chemical  equations: 


Va  H  sinks 

Va  **  M  sinks 

Vi  +  Vi  Z  Va 

Vi  +  Va  Z  Va 


These  chemical  equations,  under  the  assumption  that  the  various 
components  remain  random  throughout  the  process,  result  in  the  fol- 
l<nAng  three  simultaneous  differential  equations: 


II  =  -NCve"*^"^  -2YitC*ve*'^^  +  at'aiCgve'^'^'^^^/'^-YisCCave"®®'^ 


~  a  -ITCave*'*'^^  -YiiC*ve”'^'^*^-Y'2iCaV3”^*‘'^®^'^-YisCCave"**/^ 

+Y'»iCe 


—  >  +  YisCCav.-*^^  -  Y'3xCay.-(‘»"®'>=^ 
dt 

Ci^Ca,  Ca  >x«  the  c^centration  of  single,  di  and  trl-vaconcies,  the 
Ys  and  y'b  are  the  combinatory  nuabers  for  asaoclation  and  dis- 
asscciation  of  vacancies,  and  Bx  and  O'  ara  the  binding  energlos. 


Theca  aquations  have  been  solved  numerically,  using  a  650  lE-I 
Digital  Comnuter.  Various  sink  densities,  (K),  various  concentrations 
(Ci.Ca.Cs),  and  various  binding  energies  ("i  B')  vere  used  in  the 
calculations.  Ths  main  results  of  those  calculations  to  date  indicate 
thav  upon  annealing  there  is  a  very  rapid  transient  condition  under 
which  mtc\y  di-vacr.nci;s  ar*d  tri-vacancies  are  formed.  The  maxlm’.an 
value  of  the  concentratiozis  of  these  ccmpleices  as  well  as  the  time 
to  roach  the  manimua  concentrations  are  ini'luenced  by  the  sink 
density.  After  the  rapid  transient  a  long  steady-state  decay  occurs, 
which  apparantly  continues  until  the  process  reaches  equilibrium. 

Seme  cf  these  results  ore  included  in  the  paper:  "Recovery  of 
Electrical  Resistivity  in  Gold  'Quenched  frm  Below  700°C,"  which  has 
been  accepted  for  publication  in  the  Plrralcal  Review.  Recent  experi¬ 
mental  results  of  vacancy  migration  la  quenched  gold  and  recovery  of 
electrical  resistivity  In  irradiated  gold  are  being  studied  In  terms 
of  the  calculutlonn.  It  is  hoped  that  this  study  will  aid  in  the  under¬ 
standing  of  the  processes  which  occur  upoa  room  temperaturo  annealing. 
These  processes  are  at  present  not  understood  and  there  is  consider¬ 
able  disagreement  among  the  various  groups  studying  radxation  damage. 

Recent  experimental  results  (R.  Kloske,  M.S.  Thesis,  Morthwestarn 
University:  now  in  preparation)  indicate  that  impurities  play  an  Isi- 
portant  role  in  aatermlning  the  nature  of  the  annealing  kinetics  and 
it  is  hoped  that  these  calculations  nay  be  extouded  to  include  iapiirity- 
vacancy  interactlona. 

P.  Irradiation  o£  Quenched 

J.  A.  Teak 

Fu.D.  Thesis  Research 

The  osoontlol  Idea  of  this  experiment  is  that  by  introducing  on 
excess  of  vaceuicies  by  qaonching  additional  aii:ks  for  interstitial  atoms 
result.  Since  no  previous  study  of  this  type  lias  been  carried  out  the 
preciiiC  objectives  and  mothoda  of  analysis  can  not  be  definitely  stated 
at  this  time,  but  it  is  expected  that  intereatlng  and  valuable  infor- 
natlon  regarding  tlie  r.ature  of  the  migration  of  intarctitial  atema  will 
result.  It  ahoulu  also  be  posaible  to  control  to  acne  extr  .t  tho  foma-' 
tion  of  interstitial  clusters  ay  controlling  the  cci:>:e'it.ration  of 
quenchad-ln  lattice  vacanclea.  It  is  hopMt  to  ba  able  to  naks  quanti¬ 
tative  estimates  of  the  dlatonca  of  migration  of  interntltlal  atone 
and  leom  eoaethlng  of  tho  nature  of  the  vorioua  procosaes. 
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Recoverj'  of  iloctrical  Resistivity  in  Gold  Quenched  from  Below 
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Physical  Review.  T.  Mori,  H.  l-los.iii  siid  J.  Kauffman. 

Reaoftening  of  Quench-Hardened  Alianinur.,  .T.  of  Metals.  Vol.  12, 
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The  Effect  of  Quenching  Rata  on  the  Quenched-in  Resistivity  in 
Gold,  Pull.  An.  Phys.  Soc.  II.  6,  157  (1961)  T,  tiori,  M.  Meshii 
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Kauffman.  (Abstract) 


73 


liatarials  Reoearch  Project  #13 


SvrfRce  nh^lstrv  oj*  Metals  enj  Oxldoa 

Project  Director:  P.  W.  Selwood 

Profescor,  Department  of  Chemistry 

A.  lija  Effect  Hydroiren  ©a  the  Mametlzation  aS  Nickel 

The  sorption  of  hydrogen  on  small  particles  of  nickel  takes  place 
in  two  stages:  first,  a  virtually  instantaneotis,  ncn-activated 
chemisorption,  and  second,  a  slow  process,  the  precise  nature  of 
which  has  remained  obscure.  The  several  suggestions  which  have  been 
made  to  explain  this  phencmonon  include: 

1)  The  slow  process  represents  an  activated  adsorption.  This  is  to 
say  that  an  activation  energy  is  required  to  bring  about  the  sequence 
of  steps  leading  from  molecular  hydrogen  to  formation  of  the  nickel- 
hydrogen  bcnd^. 

2)  The  slow  process  is  nothing  mors  than  a  slow  chemical  reduction  of 
auparficially  oxidized  nickel^. 

3)  The  action  of  tha  hydrogen  on  the  nickel  surface  is  to  create 
a^orption  sitaa,  tha  formation  and  decay  of  which  determine  the  ad¬ 
sorption  rate^. 

4)  The  rata-determlning  process  is  diffusion  of  hydrogen  into  less 
accesaible  particles  of  metal*. 

5)  The  slow  process  represeate  "dissolving*  cf  hydrogen  in  the  metal*. 

Msasurements  of  magr.e&lzation  as  a  function  of  hydrogen  uptake  have 
siTown  that  the  slope  of  the  ieotherm  relating  magnetization  to  volume 
of  gaa  adsorbed  may  be  different  for  the  fust  and  slow  processes.  Tue 
theory  of  this  difference  has  been  worked  cut  on  the  ase-japtlon  that 
the  slow  process  rate  is  diffusion-controlled  and  that  there  is  othervles 
no  intrlnnio  dlffaronce  between  fast  and  slow  sorption.  Thl'  makes  it 
possible  to  calculate  the  total  volume  of  nickel  whl'jh  la  active  in  each 
of  the  two  steps,  ax:d  also  to  calculate  the  average  volumes  of  the 
partiolea  Involved. 

For  ferromagnetic  particles  in  the  auperpnramagnetio  diameter  r'nge*, 
the  macnetizatlou  !•  at  lev  field,  H,  uvl  noderete  temperature,  T,  is 
given  by  the  low-field  approximation  to  the  Langovln  function: 


wt.are  N  la  the  total  number  of  particles  of  volume  v,  a^  Iso  is  the 
spontaneous  magnetisation. 

;\fter  adsorption  of  vapor  molecules  on  a  particle  surface,  the 
magnetic  moment  (Ispv)  of  the  particle  becomes  (I-^v  -  n.jeP),  where 
nj;  is  the  number  of"' hydrogen  atcsr-s  adsorbed  per  pSticle;  e  is  the 
ciiange  of  moment  produced  by  one  l;ydrogen  atom,  expressed  in  Bohr 
magnetons;  and  P  is  the  Pohr  magneton. 

Then,  after  adsorption,  wo  have: 

^^ap  -  "h 

M*  =  M - 

3kT 


and 


dM 


-2n„  £?  I  nj^ep  V 


'  \T7j 

\  sp  ' 


Aa  d  M/^^  rarely  exceeds  0.15  we  may  ignore  the  squared  term. 


If  now  we  have  a  system  containing  two  sizes  of  particles  of 
volume  vi,  and  va,  then: 


dMiA‘1  V8 


dMa^a  nj^2)  vi 

aiul,  inasmuch  as  Mi  and  Ma  ray  be  expressed  as  functions  of  Ni  and 
VO  nay  write 


A  Ml  nil(l) 


dHa  Vs 

w!ier«  V  =  IIv,  that  is  to  say,  Ihs  total  volima  of  ferrcmagnetic  matter 
in  the  sample. 

If  we  assume  that  the  individual  particles  are  spheres  (an 
assvmption  for  which  there  is  some  evidence) ,  then  the  relative  volumes 
of  these  particles  may  bo  related  to  the  hydrogen  adsorbed  by  each 
process: 


75 


Vi) 

^’k(2) 


Urn 


z/y 


!'2V2 


where  la  the  total  nv-.fc2r  of  h7clro2en  atoms  taken  up  liy  all 
particles  of  a  given  sice. 


Finally  we  may  substitute  In  oup  expression  for  A  Mi/A  Mg  and 
obtain: 


Fran  the  above  expressions  one  may  calcu'ate  SiAa»  vi/vs,  and  MiAla 
by  substitution  of  the  experimental  data.  The  results  for  a  typical 
nickel  preparation  are  as  follows: 

A  Mi/a  Ma  (oba.)  30 

“h(1)/%(2) 

Ut/Vi  7.05 

Vi/ya  2.34 

ViAa  16.5 

Mt/^ia  38.6 

The  average  diameter  of  the  larger  particles  is  6oA. 


This  method  has  been  applied  to  several  difforent  preparations. 
All  show  the  internal  consistoncy  of  thJ  calculations  given  above. 

The  conclusion  Is,  therefore,  that  there  is  no  liitrlnslc  difference 
between  "fast"  and  "slow"  sorption 'of  hydrogen  on  nickel,  end  that 
the  rate  determining  process  Is  probably  diffusion. 

It  Is  believed  that  this  work  eXesrs  14:  an  old  controversy 
concamlng  the  nature  of  the  alow  process.  It  also  aviggacts  a  corro- 
lation  between  the  "solubility"  of  hydrogen  In  puro  polycrystalllns 
nickel  and  the  well-known  anooslous  approach  to  magnetic  saturation  at 
room  tsoperaturs. 

The  work  is  expected  to  be  ccopleted  by  August  or  Soptenbar  1961. 
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Materials  Roiearch  Project  #V) 


Sirens  Distribution  in  Viseo-^laatlc  Media  -  Thermal  Stross  Problem ri 

Project  Director:  0.  G.  Zirnl'ievrtcs 

rrofodsor,  Dcparicient  of  Civil  engineering 


Tho  initial  objcctivae  of  the  pi-eposcd  research  are:  (a)  general 
foriEulation  of  visco-slactic  stress  aiwlysis  problems  in  terms  sultablo 
for  numerical  or  analogue  solutions;  (b)  development  of  slab  analogy 
methods . 

A  procedure  for  formulating  visco-elastic  thermal  stress  problems 
in  terms  of  equivalent  temperatui'cs  appliod  to  an  elastic  problem  has 
been  developed  for  materials  which  exhibit  a  constant  Poisson's  ratio 
but  in  which  the  properties  are  f'jnctlons  of  time.  A  paper  entitled, 

"The  Analysis  of  the  Vicco-Slastic  Behavior  .jf  Concrete  Structures  -  with 
Particular  Reference  to  Thermal  Stresres",  which  has  been  accepted  for 
publication  by  the  American  Concrete  Institute,  describes  some  of  the 
concepts  Introduced. 

The  experimental  analogue  method  of  slab  analogy  to  which  the  Moire 
Technique  v.'aa  applied  Ims  proved  successful  in  dealing  vdth  thermo¬ 
elastic  plane  probleas.  A  description  of  the  prel5minary  exporiments, 
and  verification  of  the  method  against  known  results,  is  described  in 
a  paper  entitled.  The  Use  of  Slab  Analogy  in  the  Determination  of 
Thermal  Stresses"  which  was  submitted  for  publicaticn  in  May  1961.  This 
paper  desci Ibss  also  the  extension  of  the  analogy  to  acme  visco-elastic 
problems.  Intensive  xrerk  on  the  improvoment  of  apparatus  snd  technique 
is  in  progress  and  will  be  continued  through  tho  summer  of  1961. 

Thie  research  project  will  terralrato  in  Soptomber  1961  since  tho 
principal  investigator  is  te> Ing  up  the  Chair  of  Civil  Englnoerins  at 
tha  UnlversiLy  of  Walos,  Groat  Britain. 


PULLICATIOH 

1.  "The  iinalysls  of  the  Vloco-Flastlc  Behavior  of  Concrete  Structures 

with  Particular  Reference  to  Thomal  Stresaes".  (Accepted  for  pub¬ 
lication,  AprU  1961  by  tettlcan  SflMXiglfl  iBgUVi^g)  • 

2.  "The  Use  of  Slab  Analogy  in  tho  Determination  of  Thermal  Stresses". 
(Submitted  for  publication  In  Journal  of  ii»‘cban1ral  Znglnoerlrg 
Science.  May  1961). 
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Kateriala  Research  Project  ,?20 


Lov  Tetr.perati-ire  Specific  Heats  of  .'illov  riiescs 

Project  Directors  D.  I’.  '.Jhitniora 

.tsscciate  Professor,  Deporfcsent  of  Materials  Scionce 

D.  Fkajdev 
Research  Assistant 


Darlier  work  in  this  laboratory  by  R.  F.  Janninck  (II.S.  Thesis)  has 
indicated  the  possibility  of  a  strong  contribotion  to  the  specific  boat 
from  an  additional  linear  tom,  y'T,  In  Ag-rich,  A^-Cd  solid  solutions 
near  an  electron-atom  ratio  of  1.2,  The  occiarence  of  this  term  is  in 
agreement  with  a  theoretical  prediction  b^:  II.  Jones  fProe.  Roy.  Soo. 
(Uinden)  A 240.  321  (1957)]  that  such  a  linear  additional  contribution 
would  arise  whenever  the  remi  surface  of  tj.i  alloy  is  in  close  pro:;iinity 
to  the  Rrillouin  zono  boundary. 

In  order  to  verify  and  studj'-  the  effect  further  tV.e  Icnr-temparatui’o 
calor, peter  has  been  modified  aiiu  At-rieh,  a-.  ' Id  sclwtlr.no  in  the 

range Miuare  the  strongest  electron-phonon  interactions  arc  expected 
(about  cO  atomic  ',j  Cd)  have  been  prepared,  the  equipment  modifications 
include  a  redesign  of  tlx  calorltieter  can  to  facilitate  Introduction  of 
the  saaple  and  soma  charges  .In  the  vaciun  syst-m  for  evacuating  the 
calorimeter  can.  Four  additional  alloy  compositions  near  20  atomic 
Cd  have  been  prepared.  They  were  melted  in  ac  inert  atnesphero  and 
then  ®r,neal>.d  for  about  two  weeks  at  temperatures  lamodiately  below  the 
alloys*  solidus  temperaturee.  The  calorimeter  has  been  checked  out  and 
the  '"'•''c-jr-.mentc  are  in  propress. 
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A  fairly  detailed  study  has  been  made  of  the  l*iteractiGa  of  dif¬ 
ferent  paramagnetic  ions  in  aq-iaous  solution  by  means  cf  the  EFR  line 
breadenin;?.  For  cations  interacting  with  anions,  a  theory  has  been 
developed  which  postulates  that  the  chief  interaction  cones  during  the 
life-time  of  an  ion-pair  or  outer  sphere  complex.  The  line  broadening 
then  gives  a  lower  limit  to  the  rates  of  formation  and  dissociation  of 
such  Icn-pairs.  In  a  number  of  cases  the  rates  have  clearly  been 
measured. 

The  reaulLu  with  the  theory  for  dlffuaion-ocnlrclled  reactions 

between  ions  in  solution.  Life-tlmos  of  1C"’  -  10"®  seconds  are  easily 
measured  by  ths  hPH  method. 

It  Is  hoped  to  continue  work  on  this  project  next  year. 

To  date  this  research  has  been  supported  by  ARPA  only  to  the  extent 
of  furnishing  the  electron  paramagnetic  resonance  unit. 

A  paper,  "Paramsgnetic  Relaxation  In  Solutions,"  ooauthored  with 
Pr.  T.  Buch,  Instructor  in  Chemistry,  on  the  theory  and  exj^rlment  is 
being  given  at  the  June,  1961  meeting  of  the  American  Physical  Society 
in  Mexico  City. 
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INTRODUCTION 

Tha  purpose  of  this  study  is:  l)  to  investigate  the  effects  of  phonon 
bombardment  in  the  form  of  ultrasonic  wayes  on  the  conductivity  of  pure 
and  photosensitive  crystals  of  sulfides,  selenides  and  tellurides  of 
cadmiis!'  and  zinc,  under  varying  light  coDdi>'.icnB,  and  2)  to  present  a 
model  Tor  the  conduction  meohanlsm.  . 

Large  increases  in  conductivity  have  been  observed  during  phonon  bom¬ 
bardment.  A  major  portion  of  theao  chances  may  be  accoimted  for  therwRny; 
however,  there  does  not  appear  to  be  a  one-to-one  correspondence  between 
tha  purely  thermal  effect  and  the  effect  due  to  the  ultrasonic  field. 

In  the  process  of  absorption  of  an  ultrasonic  wave,  heat  is  released, 
both  in  the  medivm  of  transmission  end  in  the  medium  in  which  the  wave  la 
terminated.  Thus,  it  is  expected  that  soma  thermal  effect  on  conductivity 
should  be  apparent  (for  example,  thermally  induced  lattice  vibrations,  or 
absorption  of  thermal  energy  by  electrona).  This  effect  haa  been  reported 
by  Zluravlev  and  Kozak^  as  an  increase  in  conductivity  and  haa  been 
vBrii'icd  by  experiments  cwapleted  thus  far. 

Electrons  moving  through  u  crystal  lattice  interact  \rf.th  the  atoms  of 
the  lattice.  In  the  process  of  collision  they  lose  some  of  their  energy 
and  ejqMricnce  a  change  in  direction  of  motion.  The  energy  lost  cawes 
a  periodic  expansion  and  contraction  of  the  lattice  which  travels  through 
the  lattice  structure  at  tha  speed  of  sound  (that  ia,  a  phonon  is  created) . 
Similarly,  an  electron  may  absorb  energy  from  a  phonon.  Morsilly  this 
effect  is  small,  and  it  la  usually  neglected  in  calculatluns.  However, 
by  bombarding  the  crystal  with  phonons  in  the  form  of  ultrasonic  waves,  the 
absorptiou  of  phonon  energy  by  electrons  may  be  increased,  an  occurrence 
which  may  account  for  an  increase  in  conductivity. 

In  photosensitive  materials,  trapping  of  carriers  by  impurity  Cimters 
ia  a  major  factor  in  limiting  the  conductivity,  as  trapping  deersaaes  the 
lifetime  of  the  carriers  and  thereby  decreaaea  the  conductivity.  It  is 
feasible  that  phonon  bombardment  may  keep  these  trapping  ceutera  vaoint 
and  thus  increase  the  carrier  llTatime  and  tha  conductivity. 
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The  effect  of  ultraeound  on  the  conductivity  and  photoconductivity 
of  phosphors  has  not  been  studied  extensively;  however,  some  theories 
hsva  been  advanced  in  an  atteirpt  to  explain  experi’nontal  results*’*^*®.  It  var 
intended  in  this  inYestignticr.’  to  to  verify  these  I'eports  in  regard 

to  pure  crystals,  and  to  fuither  investigate  the  properties  of  crystals 
containixig  Impurities  and  activators  under  phonon  bomb'xdment.  Photo- 
conductive  crystals  of  GdS  (with  known  concentrations  of  Ag,  Cu,  IJ.,  Mn, 
or  Hg  iayjurities) ,  CdTe,  CdSe,  and  ZnS  are  available  for  study. 

EXPERIMEilTAL 

The  atudioa  are  being  conducted  both  1)  on  crystals  which  have  had 
no  special  surface  preparation  and  2)  on  crystals  which  have  been  cloanod 
and  prepared  by  a  method  described  by  Greiner*  which  consists  of  subsequent 
washings  of  the  samples  in  HCl,  distilled  water,  and  alcohol,  and  then 
drying  them  in  air.  This  latter  method  has  not  proven  successful  in  all 
cases,  since  the  air  drying  causes  a  decre«.8a  in  photosensitivity.  At 
present  no  facilities  are  available  for  vacuum  drying. 

Two  types  of  electrodes  are  employed.  Initial  experiments  irara 
conducted  \.'lth  a  colloidal  carbon  as  the  contact  material.  These  contacts 
were  noisy  and  non-ohmic  at  low  voltagaa  but  beceme  ohmic  above  20  to  25 
volts.  A  second  method  of  attaching  electrodes  involves  ths  use  of 
indium  to  make  contact  to  the  crystal  and  then  conductive  silver  paint 
or  colloidal  carbon  to  attach  the  electrodes  to  t>'a  indium.  The  indium 
contacts  are  preferred,  since  ohmic  behavior  is  obtained  even  at  very 
low  voltages  and  contact  noise  is  greatly  reduced,  Evaporation  techniques 
were  found  to  be  the  moat  sstiafectory  for  depositing  the  indium  on  the 
crystals. 

The  crystals  are  fixed  to  a  thin  glass  disk  with  a  non-ccnducting 
epoxy  cement.  A  copper-constanton  thetnocouple  is  also  imbedded  in  the 
epoxy  and  is  in  contact  wit'  the  crystal.  Thus  an  indication  of  the 
temperatwe  of  the  crystal  is  obtained.  Tha  disk  is  sealed  watertight 
to  the  end  of  a  pyrex  tubs  and  is  Immersed  In  the  liquid  which  is  uned 
to  transmit  the  ultrasound. 

The  crystals  oi’S  exposed  to  1  lio/sec  ultrasound  Intcnsittcs  up  to 
approximately  5  watts/cm^  U-anMiitted  through  water. 

The  crystals  aro  excited  with  white,  red,  grean  and  blue  light  and 
the  photoconductivity  is  observed  before  and  after  exposure  to  the 
ultrasonic  field.  In  order  to  minimise  noise,  the  light  source  is 
opsrated  with  direct  current. 

Conductivity-temperature  response  curves  ai-e  taken  by  heating  ths 
crystals  slowly  and  slnultaneousiy  recording  temperature  and  current. 

Then  the  crystals  are  Irradiated  \7lth  an  ultrasonic  field  (under  various 
light  conditions) ,  and  again  temperature  and  ciurrent  are  recorded 
simultaneously.  This  rssult  Is  compared  to  the  temperature  response 


curve  obtained  purely  froo  heating.  Also,  the  incraasLig  conductivity 
as  a  function  of  temperature  obtained  during  phonon  bombardment  is 
compared  to  the  decaying  conductivity  as  a  function  of  temperature 
after  removing  the  ultrasonic  field. 

RSSUUTS  AND  C0*!CLUSI0Js'3 

Although  the  experiments  have  not  yet  been  completed,  in  general 
the  following  trends  have  been  observed. 

In  pure  crystals  of  CdS,  Cd3e,  and  CdTe,  the  increase  in  dark  con¬ 
ductivity  during  phonon  bombardment  has  been  small  and  appears  to  be 
entirely  thermal.  Changes  in  photoconductivity  have  been  observed, 
although  they  have  not  been  reproducible  to  the  extent  desired. 

In  CdS  crystals  containing  impurities  larger  increases  in  conduct¬ 
ivity  have  been  observed  (20x  to  lOOx)  during  phonon  bombardment.  The 
effect  does  net  appear  to  be  entirely  thoxval.  The  energy  band  gap 
of  a  typical  crystal  (aluminum  activated)  has  been  calculated  from  a 
plot  of  conductivity  vs.  temperature.  In  the  absence  of  phonon  bombard¬ 
ment  a  value  of  0.3  electron  volts  was  found.  The  low  gap  voltage 
indicates  that  tha  conductivity  la  Impurity  dcmilnated.  However,  if  a 
plot  is  made  of  conductivity  during  phonor  bombardment  vs.  temperature 
a  higher  gap  voltage  is  obtedned.  This  belmvlor  Indicates  the  presence 
of  ecae  effect  other  than  thermal. 

Photoconductivity  in  the  rctivated  CcL>  has  in  seme  cases  increased 
and  in  other  cases  decreased  during  phonon  bombardment.  Therefore,  the 
presence  of  a  nou-thermal  process  is  suspected. 

The  following  conclusions  and  speculations  may  be  offered: 

In  puro  crystal  phosphors  the  effect  of  phonon  bembardment  on  the 
conductivity  is  due  almost  cxcl’isively  to  the  heat  produced  by  absorption 
of  the  ultrasonic  wave. 

In  crystals  containing  Impurities  and  aetivatorn,  there  appears  to 
he  an  effect  causing  an  Increase  in  conductivity  In  addition  to  that 
due  to  heat.  Tne  mechanism  of  this  effect  rm&aina  to  be  dot  rmined  nnd 
is  the  object  of  further  study. 
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Hett  rogeneous  nuclei.tion,  in  which  the  phaee  trar.sition  is  catalyTsed 
ty  the  presence  of  external  eia-faces,  is  a  general  mochaniaa  for  many 
pV'^.33  transii-ions.  Bccauce  of  the  presence  of  the  sraa?l  Imperfections  in 
■t.Wc  ex'.rrnal  cvnrfaco,  embryos  of  the  new  phase  can  exist  oetastably  under 
free  ewr^y  condi  lions  which  would  lead  to  theii*  rapid  disappearance  in 
the  hcnc ^enaouo  aystea.  The  procses  is  of  extreme  importance  in  solid- 
Eoliti  i',nJl  solld-liq'iid  phase  transformations,  but  unfortunately 
cxpcrivencul  conditicso  in  these  systems  do  not  allow  easy  study  of  the 
niicloation  surtaces. 

A  ayatem  which  mey  be  readily  studied  under  reproducible  conditions, 
ho\’ever,  is  the  nucloation  of  vapor  from  a  solid  surface.  In  this  case, 
as  well  ae  freezing  and  melting  of  liquida,  small  crevices  In  the  swface 
represent  the  nucleation  sites,  while  the  surface  temperature  required 
for  nucleation  specifies  the  excess  iree  energy  characteristic  of  each 
aite.  Hence,  it  is  possible  to  get  a  direct  confirmation  of  heterogeneous 
nucleation  theory  not  possible  with  other  systems  by  measurement  of  the 
diameter  of  nucleation  isq>erf actions  and  ccmparlscn  of  these  geometric 
quantities  with  theory.  It  is  proposed  to  use  a  cast  or  highly  polished 
surface,  such  as  glass,  which  has  been  gold-plated  in  order  to  allow 
easior  identification  of  nucleation  sites.  Dimensions  of  nucleation  sites, 
measured  b/  microphotography,  will  be  used,  in  conjunction  with  measurements 
of  surface  temperature  required  just  to  initiate  bubble  nucleation  from 
that  particular  site,  to  test  the  theory.  In  addition,  it  ia  proposed  to 
obtain  the  diatrlbutlon  functions  for  these  imperfections  on  carefully 
characterized  surfaces.  Late,  the  experimental  work  may  be  extended  to 
freezing  and  melting  of  transparent  materials. 

Exporimantol  worV  has  noi  yet  been  initiated. 
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Iha  purpose  of  this  study  la  to  Inprove  the  understand:! ni?  of  the 
phenomenou  of  surface  ioslzation.  The  particulsi  project,  boin? 
developed  calls  for  tna  Ionization  of  p^asslua  \'apor  on  a  thin 
tungsten  filament.  The  trark  function  will  be  determined  no  a  function 
of  the  vapor  pressure  of  potassium. 

Fo.  this  purpose  an  almost  completely  g.  ass  system  was  designed 
and  constructed.  The  glass  experimental  tube  is  fitted  with  three 
nickel  electrodas  drillad  with  an  0.080  in.  hole  through  which  passes 
a  0.002  in.  diameter  timgstsn  filament,  spring  loaduu.  The  tube  aLso 
contains  a  reservoir  for  the  liquid  potasoium  which  is  necessary  to 
provl'le  a  controlled  atmephera  of  potaaaium  vapor.  An  Icnlration 
gauge  vacuum  tulM  also  has  been  mounted  in  the  syscem  for  reading 
preosuros  in  the  10~^  to  10**'^  lum  Hg  range.  This  tube  will  be  sealed 
off  prior  to  an  axperimental  ijn. 

The  new  system  ae«ms  to  operate  properly  and  leak  testing  runs 
arc  being  mr.d»  at  the  present  time.  It  is  hoped  that  experimental 
runs  will  be  started  soon. 

u'.ntrcct  .'iD-67  financial  support  of  this  research  wont  into  affect 
Juno  15,  1961. 


26  - 


